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(54) Ethylene copolymer rubber composition and process for Its preparation 



(57) Discksed is an ethylene-a*olefin-nonconju- 
gated polyene random copolymer which is a random 
copolymer of (a) ethylene, (2) an a-olefin of 3 or more 
cart>on atoms and (c) a nonoonjugated polyene contain- 
ing, in one molecule, one cartxyi-to-cartxxi double bond 
polymerizaUeby a metallocene catalyst among carbon- 
to-cartx)n double bonds, and has such properties that (i) 
the copolymer contains (a) units derived from ethylene 
and (b) units derived from the a-olefin of 3 or more car- 
bon atoms in a molar ratio of 40/60 to 95^5 ((a)/(b)). (iO 
the iodine value is in the range of 1 to 50. (iii) the intrinsic 
viscosity (ti). as measured in decalin at 135 •C. is in the 
range of 0.1 to 8.0 dl/g. and Ov) the ratio gr\* of the intrin- 
sic viscosity (ti) of the copolymer defined above to the 
intrinsic viscosity (ii)biank ^ a linear ethylenei3ropylene 
copolymer having the same weight-average molecular 
weight (measured by light scattering method) as the eth- 
ytene-a-olefin-nonconjugated polyene random copoly- 
mer and having an ethylene content of 70 % by moi, 
(^/(^biank* is in the range of 0.2 to 0.9 or the ratio g' of 
the intrinsic viscosity (n) of said random copolymer 
defined above to the intrinsic viscosity (Ti)biank' e ''near 
ethylene-propylene copolymer having and ethylene con- 
tent of 70 %by md which isdetermined by measurement 
of gel permeatton chromatography (QPC) of ethylene-a- 
olefin-noncortjugated polyene random copolymer in 
orthodichlorobenzene at 140 •C, (ii)/{n)btenK . is in the 
reange of 0.2 to 0.9. Also diseased are a process for 



preparing the random copolymer and a vulcanizable rub- 
ber composition containing the random copolymer. The 
ethylene-a-olefin-nonconjugated polyene random 
copolymer and the ntbet composition are excellent in 
weathering resistance, ozone resistance, mechanical 
strength and processability. 



Pnmedby Rank Xsrot (UK) Busras ServioBS 

2.12.4/3.4 



BNSDOCIO: <EP a71Bae4A2J_> 



EP0718324A2 



Description . 

FiELD OF THE iNVENTION 

The present invention relates to an ethylene-a-def ln-nonc»(^ugated polyene random copolymer, a process for pre- 
paring the random copolymer and a vulcanizable rubber composition containing the random copolymer. More particularly, 
the invention relates to an ethyiene-a-olefin-nonconjugated polyene random copolymer excellent in processabillty and 
mechanical properties, a process for preparing the random copolymer and a vulcanizable rubber composition excellent 
In mechanical strength, weathering resistance and ozone resistance as well as in processability. 

BACKGROUND OF THE INVENTION 

Because Of their excellent weathering resistance, ozone resistance and heat aging characteristics, ethylene-a-olef in- 
nonconjugaled polyene random copolymers (sometimes referred to simply as "ethylene copolymer rubbers" hereinafter) 
such as an ethylene-propylene-polyene terpolymer (EPDM) have been heretofore widely used as automobile materials, 
electrical wire materials, building and civil engineering materials and industrial materials. 

The ettiylene-a-olefin-nonconjugated polyene random copolymers used for such applications are desired to have 
good moldability. high vulcanizing rate and high vulcanization strength. 

Of the ettiylene copolymer rubbers, an ethylene-propylene-etiiyfidenenoibornene (ENB) copolymer rubber is known 
as a high rate vulcanizable copolymer, but the conventionally known ethylene-propylene-ENB copolymer rubber is poor 
in extrusion mokiability. 

An ettiylene-propylene-dicyclopentadiene copolymer mbber is known as a copolymer rubber of excellent extrusion 
moldability. but this copolymer is tow in ttie vulcanizing rate, and its vulcanization strength is not high. 

For these reasons, now desired are the advents of an ethylene-a-defin-nonconjugated polyene random copolymer 
and a rubber composition which are excellent in processability, vulcanizing rate and mechanical strength such as vul- 
canization strengtti and a process for preparing said random copolymer rubber. 

Under such circumstances as described above, the present inventors have eamestly studied etiiylene-a-olefin- 
nonconjugated polyene random copolymers, rubber compositions and processes for preparing tiie ethylene copolymer 
rubbers. As a result they havefbuid that an ethylene-a-ol^in-nonconjugated polyene random copolymer having a long- 
chain branch in its molecule and having such properties that (i) the copolymer contains (a) units derived from ethylene 
and (b) units derived from the a-def in of 3 or more carbon atoms in a molar ratio of 40/60 to 95/5 Ka)/(b)]. (ii) the Iodine 
value is in the range of 1 to 50. (iiO the intrinsic viscosity {r\) is in ttie range of 0.1 to 8.0 dl/g, and Ov) ttie gti' value is in 
the range of 0.2 to 0.9 or ttie g' value is not higher ttian 0.9, and a vulcanizable rubber connposition containing ttiis 
random copolymer have the above-mentioned excellent characteristics. The present inventors have also found ttiat ttiis 
random copolymer can be efficiently prepared by ttie use of a catalyst containing a specific metallocene compound. 
Based on ttiese findings, ttie present invention has been accomplished. 

OBJECT OF TH E INVENTION 

It is an object of ttie present invention to provide an ettiylene-a-olefin-nonconjugated polyene random copolymer 
having good moldability, high vulcanizing speed and excellent mechanical properties such as filgh vulcanization strengtti. 
which was unable to be obtained by the conventional processes, a rubber composition containing the random copolymer 
and a process tor preparing the random copolymer. 

SUMMARY OF THE INVENTION 

The ethylene-a-defin-nonconjugated polyene random copolymer according to the present invention is a random 
copolymer of (a) ettiylene, (b) an a-olefin of 3 or more cartX3n atoms and (c) a nonconjugated polyene containing, in 
one molecule, one carbon-tD-carbon double bond polymerizable by a metallocene catalyst among cartx>n-to-cart)on 
double bonds, and has ttie following properties: 

(0 ttie copolymer contains (a) units derived from ettiylene and (b) units derived from the a-olef in of 3 or more cartxvi 
atons in a molar ratio of 40/60 to 95/5 [(a)/(b)], 
(d) ttie iodine value is in ttie range of 1 to 50. 

(61) ttie intrinsic viscosity (tO. as measured in decalin at 135 ""C. is in ttie range of 0.1 to 8.0 dl/g. and 
(iv) ttie ratio gn* of ttie intiinsic viscosity (n) of ttie copolymer defined above to ttie intrinsic viscosity (n)bunk a 
linear ethylene-propylene copolymer having ttie same weight-average molecular weight (by light scattering metinod) 
as ttie ettiylene-a-olef in-nonconjugated polyene random copolymer and having an ethylene content of 70 % by md. 
(n)/(n)biank. ^ in the range of 0.2 to 0.9. 
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. The ethylene-a-olefln-nonconjugated polyene copolymer according to the present invention can be specified 
by g' value instead of fiv) gii ' value. That is. in the copolymer of the present invention, 
(iv) the ratio g' of the intrinsic viscosity (n) of said random copolymer defined above to the intrinsic viscosity (ti)wart< 
calculated as a linear ethylene-propylene copolymer having an ethylene content of 70 % by mol which is determined 
£ by measurement of gel permeation chromatography (GPC) of ethytene-a-olefin-nonconjugated polyene random 
copolymer in orthodichorobenzene at 140 'C. (il)/(n)biank-. » in the range of 0.2 to 0.9. 

The process for preparing an ethylene-a-otef in-nonconjugated polyene random copolymer according to the present 
invention is a process in which the above-mentioned ethylene-a-olefin-nonoonjugated polyene random copolymer is 
10 prepared using a metaltocene catalyst containing a metallocene compound represented by the following formula (I): 



IS 



20 




25 

wherein M is a transition metal of Group IVB of the periodic table, 
is a hydrocartx)n group of 1 to 6 catbon atoms. 
R^. R^. R^ and R^ may be the same as or different from each other, and are each hydrogen, a halogen atom or 
a hydrocartx>n group of 1 to 6 cartxxi atoms. 
30 R^ is an aryl group of 6 to 1 6 carbon atoms which may be substituted with a halogen atom, a hydrocarbon group 

of 1 to 20 carbon atoms or an organosiiyi group. 

and may be the same as or different from each other, and are each hydrogen, a halogen atom, a hydrocartx)n 
group of 1 to 20 cartx)n atonre. a haiogenated hydrocarbon group of 1 to 20 cartwn atoms, an oxygen-containing group 
or a sulfur-containing group, and 
35 Y is a divalent hydrocarbon group of 1 to 20 cait)on atoms, a divalent haiogenated hydrocartxjn group of 1 to 20 

cailx)n atoms, a divalent silicon-containing group, a divalent tin-containing group, a divalent germanium-containing 
group. -CO-. -S-. -SO-. -SOg-. -NR^-. .P(R7)., .P(0)(R7)-. -BR^- or -AIR^. (R^ is hydrogen, a halogen atom, a hydro- 
carbon group of 1 to 20 cattxxx atoms or a haiogenated hydrocartx>n group of 1 to 20 cartxxi atoms). 

The vulcanizat)le rubber corrposition according to the present invention contains the above-mentioned ethylene-a- 
40 olefin-noncorijugated polyene random copolymer. 

The vulcanizabie rubber composition of the invention may further contain other components than the ethylene-a- 
olefin-noncorijugated polyene random copolymer. For exarrple, the rubber composition can contain a reinforcing agent 
and/br an inorganic filler in an amount of 10 to 200 parts by weight and a softening agent in an amount of 10 to 200 
parts by weight, based on 100 parts by weight of the ethylene-a-olefin-nonoonjugated polyene random oopolynier. 
45 The vulcanized rubber according to the present invention is obtained by the aforementioned rubber corrposition. 

BRIgP DESCRIPTION OF THE DRAWING 

Fig. 1 is an explanatory view showing steps of a process for preparing a metallocene catalyst used for preparing 
so the ethylene-a-def in-nonconjugated polyene random copolymer according to the present invention. 

DETAILED DESHRIPTinN OF THE INVEMTION 

First the ethylene-a-defin-nonconjugated polyene random copolymer according to the invention is desaibed in 
55 detail. 
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Ethvlene-g-olefin-nonconiu aated polyene random cooolvmer 

The ethytene-a-olefin-nonoonjugated polyene random, copolymer of the invention is an elastomer which can be 
obtained by ccpolymerizing (a) ethylene, (b) an a-olefin of 3 or nxxe carbon atoms and (c) a nonconjugated polyene 
oontaining. in one nxtlecule, one caitx>n-to-caitx)n double bond polymerizable by a metallocene catalyst among cartx>n- 
to-cait)on double bonds, and has the properties described below. 

The ethylene-a-olefin-nonconjugated polyene random copolymer (hereinafter, sometimes refen-ed to as "random 
copolymerT of the Invention Is derived from (a) ethylene, (b) an a-olefin of 3 or more cartx)n atoms and (c) a spedf ic 
nonconjugated polyene. 

The a-o!ef In of 3 or more cartx)n atoms (b) is spedf cally an a-olefin of 3 to 20 caibon atoms. Examples of the a- 
olefins of 3 to 20 cartx)n atoms include propylene, 1-butene. i-pentene. l-hexene. 3-methyl-1-butene. 3-methyl-i-pen- 
tene. 3-ethyl-l-pentene. 4-methyl-1-pentene, 4-methyt-1-hexene. 4,4-dimethyl-l-hexene. 4,4-dimethyl-l-pentene, 4- 
ethyl-1-hexene, 3-elhyl-1-hexene. 1-oclene. 1-decene. l-dodecene. 1-tetradecene. l-hexadecene. l-octadecene and 
1 *eioosena These a-oleff ins may be used in oonrtilnation. 

Of these, preferred are a-olefins of 3 to 10 carbon atonrs. and particularly preferred are propylene. 1-butene. i- 
hexene and 1-octene. 

The nonconjugated polyene (c) used in the invention is a nonconjugated polyene containing, in one molecule, one 
caitx)n-to-cart)on double bond polymerizable by a metallocene catalyst among cartx)n-to-carbpn double bonds. The 
nonconjugated polyene (c) does not Include a chain polyene having vinyl groups at the both ends. When one double 
borxi among two or more dout>le bonds is an end vinyl group, it is preferred that other dout)te bonds are not end vinyl 
groups and an internal olef inic structure is formed. Wherein, vinyl group means -CH=CH2. Examples of such noncon- 
jugated polyenes (c) include aliphatic polyenes, such as: 

1,4-hexadiene, 3-methyl-1.4-hexadiene. 4-methyl-1 .4-hexadiene. 5-methyt-1.4-hexadiene, 4-ethyl-i.4-hexadi- 
ene, 3-methyl-1 .4-h6xadiene and 3,3-dimethyl-1 .4-hexadiene; 

5-methyl-1.4-heptadiene. 5-ethyl-l .4-heptadiene, 5-methyl-1 .5-heptadiene. 6-methyl-1,5-heptadiene and 5- 
ethyl-1 .5-heptadiene; 

l.&ocladiene. 4-methyl-1 .4-octadiene. 5-methyl-1.4-octadiene. 4-ethyl-1.4-octadiene, 5>ethyl-1.4-octadiene. 5- 
methyl-1.5-octadiene. 6-methyl-1.5-octadiene. 5-ethyl-1.5-octadiene. 6-ethyl-1.5-octadiene. 6-methyl-1.6-octadiene. 7- 
methyl-I.e-octacfiene. G-6thyl-1.6-octadiene. 6-pr€pyl-1.6-octadiene and 6-butyl-1.6-octadiene; 

4- methyl-1.4-nonadiene. 5-methyl-1,4-nonadiene. 4-ethyl-1 .4-nonadiene. 5-ethyl-1,4-nonadiene. 5-methyl-1.5- 
nonadiene, 6-methyl-1,5-nonadiene, 5-ethyl-1.5-nonadiene. 6-ethyl-1 .5-nonadiene. 6-methyH.6-nonadiene. T-melhyl- 
1.6-nonadiene, 6-ethyl-1.6-nonadiene. 7-elhyl-1.6-nonadiene. 7-methyl-1.7-nonadiene. 8-methyl-1.7-nonadiene and 7- 
ethyt*1 .7-nonadiene; 

5- methyl-1.4<iecadiene. 5-ethyl-1,4'decadiene. 5-methyl-1.5-decadiene, 6-methyl-1,5-decadiene, 5-ethyl-1,5- 
decadiene. 6-€thyl-1.5-decadiene. 6-methyl-l ,6-decadiene, 6-ethyl-1.6Klecadiene, 7-methyl-l.6-decadiene. 7-ethyl- 
1,6-decadiene. 7-methyl-1,7<lecadiene. 8-methyl-l,7-decadiene. 7-ethyl-1.7-decadiene. 8-ethyl-17-decadiene. 8- 
ni6thyl-1.8-decadiene. 9-methyl-1.8-decadiene and 8-ethy1-l .d^jecadiene; and 

6- methyl-1,8-undecadiene and 9-methyl-1,8-undecadiene. 

Preferred alicycilc polyenes are those consisting of alicydic parts having one unsaturated bond cmd chain pans 
having internal olef inic bond, and example thereof includes 5-ethylidene-2-noitx)mene. 5-isopropylidene-2-nort)ornene. 
6-chloromethyl-5-isoprenyl-2-nortx)mene. Further, triene compounds such as 2.3-diisopropylidene-5-nortx)rnene and 
2-ettiy(ene-3-isopropylidene can t>e used. These polyenes may be used in combination of two or more kinds. 

In the present invention, nonconjugated polyenes having 7 or more cartxm atoms. e.g., 7-methyl-1 ,6-octaifiene 
(MOD). 5-ethylidene^-noitx)rnene (ENB) and 1 .4-hexadiene are preferably used in the invention. 

(i) Ratio of (a) ethylene component to (b) a-olefin component ((a)/(b)) 

The ethylene-a-defin-noncor^ugated polyene random copolymer provided by the invention contains (a) units 
derived from ethylene and (b) units derived from the a-olefin of 3 or nwre carbon atoms (hereinafter, sometimes 
referred to as "a-defin-) in a molar ratio of 40/60 to 95/5 [(a)/(b)]. preferably 55^45 to 90/10. 
(i) Iodine value 

The iodine value of the ethylene-a-olefin-nonconjugated polyene random copolynner is in the range of 1 to 
50. preferably 2 to 40, more preferably 5 to 35, particularty preferably 7 to 30. 

The ethylene-a-olef in-nonconjugated polyene random copolymer having an iodine value of the above range 
has a high vulcanizing speed, and high-speed vulcanization thereof Is possible, 
(oi) Intrinsic viscosity (ii) 

The intrinsic viscosity (n) of the ethylene-a-def in-nonconjugated polyene random copolymer, as measured 
in decalin at 135 ""C. is in the range of 0.1 to 8.0 dl/g, preferably 0.2 to 6 dl/g. 
(iv) gn* value or g' value 
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MM^firementofan* 

The gn* value is defined as a ratio of the intrinsic viscosity (r\) of the ethylene-a-olefin-nonoonjugated polyene 
random copolymer measured above to the Intrinsic viscosity (Ti)ttart< a ethylene-propylene copolymer which 
£ has the same weight-average molecular weight (by light scattering method) as the ethyfene-a-olefin-nonconjugated 
polyene random copolymer and has an ethylene content of 70 % by mol (gti* inVin) biank ) 

Specifically. (n)biank is determined by converting a weight-average molecular weight measured by the light scat- 
tering method to a viscosity-average molecular weight My and then introducing the obtained My into the following formi^ 
(1). 

(^)biank = 7.2x10"*M/-''^ (1) 

The gt\' value of the ethylene-a-olefin-nonconjugated polyene random copolymer is in the range of 0.2 to 0.9. 
preferably 0.4 to 0.8. 

IS 

MeaswrenientPtg' 

The g' value is defined as a ratio of an intrinsic viscosity {r\) measured by the atx3ve methcxl (iii) to an intrinsic 
viscosity (T|)biank- calculated as a linear ethyleneiDropylene copolymer (EPR) having an ethylene content of 70 % (by 
20 md) which is determined by measurement of gel permeation chromatography (GPC) of ethylene-a-olef in-nonoonjugated 
polyene random copolymer in orthodichlorobenzene at 140 (g* ~ hV{^)biank )- The {ii)biank- 's determined in the 
following manner. First, the molecular weight calculated as polystyrene, Mi.pst of each fraction measured by GPC of 
ethylene-a-olefin-nonconjugated polyene random copolymer is introduced into the following formulas to obtain the 
molecular weight calculated as EPR. Mj.EPR. 

25 

(n)|.pst = 1*37x10-^M,ps,°^.and 
30 (n)^EPR-7.2x10-'M,Ep„^*^'V 

The calculated Mi.gpp is introduced into the following formula (2) to obtain (n)).^^' of each fraction. 

(l)«-an,r=7.2x10^M,EPP°^'' (2) 

35 

wherein i means each fraction fractionated by GPC. 

.Then, the thus obtained (ii)i^aric is introduced into the following formula (111) to obtain (Ti)biank- 

(n)biart^-2:„, • m)y^fL^, (3) 

40 

wherein q> means a weight fraction. 

Thus, the value for (Ti)biari<' is obtained and the g* value is detemiined as a ratio of (ii) to (TObtank - 

The g* value [(ii)/(Ti)biank'i of the ethylene-a-olefin-nonconjugated polyene random copolymer is in the range of 02 

to 0.9, preferably 0.4 to 0.85. more preferably 0.4 to 0.8. 
45 As described above, the gri* value orthe g' value of the ethyiene-a-olefin-nonoonjugated polyene random copolymer 

of the invention is considerably smaller than 1 . and this indicates that a long-chain branch is formed in the molecule. 

Such random copolymer rubber is excellent in moldabiiity. 

The ethylene-a-olefin-nonconjugated polyene random copolymer may be nxxiified with polar nwnomers, anti the 

modified prcxiuct will be described later in detail. 
so The ethylene-a-olefin-nonoonjugated polyene rarxjom copolymer is obtainable by random copolymerizing (a) eth- 
ylene, (b) the a-olefin of 3 or nrK>re cart)on atoms arxJ (c) the nonconjugated polyene in the presence of a metallocene 

catalyst 

The metallocene catalyst used in the invention desirably contains a specific metallocene compound (A) described 
below. 

55 There is no specific limitation on the metallocene catalyst preferably used in the invention, except ttiat the metal- 
locene catalyst contains the metallocene compound (A) For example, the metallocene catalyst may be formed from (A) 
the metallocene compound and (B) an organoaluminum oxy-compound and/br (C) a compound which reacts with the 
metallocene compound (A) to fonn an ton pair, or it may be formed from the component (A), the component (B) and/or 
the component (C), and (D) an organoaluminum compound. 
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These components are described below in detail. 

Fig. 1 shows ^eps of one example of a process for preparing a metallocene catalyst used in the invention and steps 
of one exanple of a process for preparing an ethylene-aoltf in-nonconjugated polyene random copolymer, 

5 (A) Metallocene compound 

In the invention, a compound represented by the following fornuila (I) is used as the metallocene conpound (A). 



10 



15 



20 



X2 










o 







(I) 



In the famula (I). M is a transition metal atom of Group IVB of the periodic table, specifically titanium, zirconium 
or hafnium, particularly preferat)ly zirconium. 

Subsfituent 

is a hydrocartx)n group of 1 to 6 cartxxi atoms. 
Examples of such hydrocarbon groups include alkyi groups, such as methyl, ethyl, n-propyl, isopropyl. n-butyl, Iso- 
30 butyl, sec-butyl, tert-butyl, n-pentyl. neopentyl. n-hexyl and cydohexyl; and alkenyl groups, such as vinyl and propenyl. 
Of these, preferred are alkyI groups whose carbon bonded to the indenyi groip is primary cartx>n. More preferred 
are alkyI groups of 1 to 4 cart)on atoms, and particularly preferred are methyl and ethyl. 

35 

R^, R^. R^ and R® may be the same as or different from each other, and are each hydrogen, a halogen atom or a 
hydnxaitx>n group of 1 to 6 cari3on atoms identical with R^ . 
The hafogen atom is fluorine, chlorine, bromine or iodine. 

40 SubstituentR^ 

R^ is an aryl group of 6 to 1 6 cartxxi atoms. This aryl ^oup may be substituted with a halogen atom, a hydrocartxxi 
group of 1 to 20 caitxxi atoms or an organosilyl group. 

Examples of the aryl groups Include phenyl, a-naphthyl, p-naphthyl. anthracenyl, phenanthryl, pyrenyl. acenaphthyl. 
45 phenalenyt. aceanthrylenyl, tetrahydronaphthyt. indanyl and biphenyl. Of these, preferred are pheryl. naphthyl. anthra- 
cenyl and phenanthryl. 

Examples of the hydrocaftx>n groups of 1 to 20 cartxxi atoms, which are substituents of the aryl groips. include: 
alkyI groups, such as methyl, ethyl, propyl, butyl, hexyl. cyctohexyl. octyl. nonyl. dodecyl. teosyl. noibomyl and 
adamantyl; 

so alkenyl groups, such as vinyl, propenyl and cydohexenyl; 

arytalkyt groups, such as benzyl, phenylethyt and pheny^ropyl: and 

aryl groups, such as tiie above-mentioned aryl groips. tolyl. dimethy^phenyl. trimethylphenyl. elhylphenyl. pro- 
pytphenyl. methylnaphthyl and benzytphenyl. 

Examples of tiie organosilyl groups include trimethylsilyl. triethytsilyt and triphaiylsilyl. 

ss 
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X** and X^ may be the same as or different from each other, and are each hydrogen, a halogen atom, a hydrocartx)n 
group of 1 to 20 cart)on atoms which may be sut)stituted with halogen, an oxygen-containing group or a sulfur-containing 
5 group. Examples of the halogen atoms and the hydrocartx)n groups are identical with those mentioned above. 

Examples of the oxygen-containing groips include hydroxy! groups; alkoxy groups, such as methoxy. ethoxy. propoxy 
and butoxy ; aryloxy groups, such as phenoxy. methylphenoxy. dimethylphenoxy and naphthoxy: arylalkoxy groups, such 
as phenytmethoxy and phenyletfx>xy; arxj trifluoroacetylacetonato group. 

Examples of the sutfur-containing groips include sut)stituents obtained by replacing oxygen with sulfur in the above- 
10 exemplified oxygen-containing groups; sulfonate groups, such as methylsulfonata trrfluoromethanesulfonato. phenyl- 
sulfbnato. benzylsutfonato. p-toluenesulfonato. trimethytbenzenesuHonato. triisobutyfbenzenesulfonato. p-chlorobenze* 
nesutfonato and pentafluorobenzenesultonato; an6 sutfinato groups, such as methylsulfinato. phenylsulfinato. 
benzenesutfinato. p-toluenesutf inato. trimethyibenzenesutfinato and pentafluorobenzenesulfinato. 

Of these, preferred are halogen atoms and hydrocEUbon groups of 1 to 20 carbon atoms. 

IS 

1 

Y is a divalent hydrocartK>n group of 1 to 20 cartxxi atoms, a divalent halogenated hydrocarbon group of 1 to 20 
cartx)n atoms, a divalent silicon-containing group, a divalent germanium-oorrtaining group, a divalent tin-containing 
20 group, -0-, -CO-, -S-. -SO-, -SO2-. -NR^-. -P(R^)-, -P(0)(R^)-. -BR^- or -AIR^- (R^ is hydrogen, a halogen atom, a hydro- 
carbon group of 1 to 20 caibon atoms or a halogenated hydrocart>on group of 1 to 20 carton atoms). 
More specifically there can be mentioned: 
divalent hydrocartxxi groups of 1 to 20 carbon atoms, such as alkylene groups (e.g.. methylene, dimethylmeth- 
ylene. 1.2-ethylene. dimethyl-1.2-ethylene. 1,3-trimethytene. 1 .4-tetramethylene. 1 .2-cyclohexylene and 1 .4-cydohexy- 
25 lene). and arylalkylene groups (e.g.. diphenyimethylene and diphenyl-1 .2-ethylene); 

divalent halogenated hydrocarbon groups obtained by halogenating the above-exemplified divalent hydrocartxm 
groups of 1 to 20 carbon atoms, such as cNoromethylene; 

divalent silicon-containing groups, such as silylene alkylsilyiene. alkyiarylsilylene and arylsilylene groups (e.g.. 
methylsilytene. dimethylsilylene. diethylsilytene. di(n-propyl)silylene, diO-propyl)silylene. di(cydohexyOsilylene. methyt- 
30 phenylsilylene, diphenytsilylene. di(p-tolyl)sityiene and di(p-chlorophenyl)silylene), and alkyldisilyl, alkylaryldisilyl and 
aryldisilyl groups (e.g.. tetramethy)-1.2-disilyl and tetraphenyl-1,2-disilyl); and 

divalent germaniunvoontaining groups or divalent tin-containing groups obtained by replacing silicon with ger- 
manium or tin in the above-exemplified divalent silicon-containing groups. 

R^ is the same halogen atom. hydrocartx>n group of 1 to 20 cartxsn atoms or halogenated hydrocarbon group of 1 
35 to 20 carbon atoms as described above. 

Of these, preferred as Y are divalent silicon-containing groups and divalent germanium-containing groups. More 
preferred are divalent silicon-containing groups, and particularly preferred are alkylsilyiene, alkyiarylsilylene and aryls- 
ilylene. 

The two Itgands having a cyclopentadienyl skeleton, which are linked to each other by way of Y, may be the same 
40 as or different from each other. 

Listed below are examples of the transition metal compounds represented by the above formula [1]. 

rac-Dimethylsilylene-bis{ 1 -(4-phenyl-1 -indenyl))zirconium dichloride. 

rac-Dimethylsilylene-bi8{1 -(2-methyl-4-phenyiindenyl))ziroonium dichloride, 

rac-Dimett^silylene-bt8{1 -(2-methyl-4-(a-naphthyl)indenyl))ziroonium dichloride, 
45 rac-Dimethylsilylene-bts{1 -(2-methyl-4-(p-naphthyl)irxjenyl)zirconium dichloride, 

rac-Dimethyisilylene-bis{1 -(2-methyl-4-(1 -anthracenyl)indenyl)}ziroonium dichloride. 

rac-Dimethy1stlylene-bis{1 -(2-methyl-4-(2-anthraceny1)irKjenyl)}ziroonium dichloride, 

rac-Dimethyl8tlylene-bis{1 -(2-methyl-4-(9-anthracenyl)tndenyl)}ziroonium dichloride, 

rac-Dimethyisilylene-bi8{1 -(2-methyl-4-(9i>henanthryl)indenyl)}zirconium dichloride. 
so rac-Dimethylsilylene-bis{1 -{2-methyl-4-{p-lluorophenyOindenyl))zirconium dichloride. 

rac-Dimethylsilylene-bis{1 -(2-methyl-4-(pentaf luorophenyOindenyl)}zirconium dchloride. 

rac-Dimethylsily1ene-bis{1 -{2-methyl-4-(p-chlorophenyl)indenyl)}zirconium dichloride. 

rac-Oimethylsilylene-bisjl -(2-methyt-4-(rrv«htorophenyOindenyl)}zirc^ dichloride, 

rac-Dimethylsilylene-bis{1 -(2-methyl-4-(o-chlorophenyl)indenyl))zirconium dichte>ride. 
55 rac-Dimethylsilylene-bis{1 -(2-methyt-4-(o,p-clchlorophenyl-1 -indeny1)}zirconium dichloride, 

rac-Dimethy!silylene-bis{1 -(2-methyl-4-(p^bronx)phenyl)indenyl)}zlrconium dichloride. 

rac-Dimethylsilylene-bisil -{2-methyl-4-(p-tolyf)indenyl)}zircoriium dichloride. 

rac-Dimethylsilytene-bis{1 -(2-methyl-4-(m-toly1)indenyl)}zirconium dichloride. 

rac-Dimetfn^silylene4)is{1 •(2-nr)ethyt-4-(o-tolyOinden^ dichloride. 
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r^c-Dimethytsily1ene-bis{H2-methy)-4-(o.o*^ 
. rac-Dimethytsnylene^is{1*(2-methyl-4-(p-ethylphenyl)ind 

rac-Dimethytsilylene^is{H2*methyf-4-(p-i-propylphenyl)in^ dichloride. 

rac-Dimethy)siiylene-bis{ 1 -{2-methyt-4-(p-benzytpheny1)indenyl)}zirconiurn dichloride. 
5 raC'Dimethytsilylene-bis{ 1 -(2-methyl-4-(p-biphenyl)indenyl)}zjrconium dichloride. 

rac-Dimethylsilylene-bis{H2-methyt^(m43iphenyl)i^ dichloride. 

raC'Dimethylsilylene-bis{ 1 -(2-methyi-4-(p-trimethylsily1phenyOindenyl)}zirconium dichloride. 

rac-Dimethylsilylene-bis{1-(2-m€thyl-4-(m-trimethylsilylphenyl)ir^ dichloride. 

rac-Dimethylsilylene-bis{1-(2-phenyi-4-phenyl)iridenyl)}ziroonlum dichloride. 
10 rac-Diethylsilylene-bss{1 -(2-msthyi-4-phenyl)lndenyl)}2irconium dichloride, 

rac-Dt(i-propyl)silylene-bis{1 -(2-methyl-4-phenylindeny1)}2irconium dichloride. 

rac-Di(rvbutyl)silylene-bis{1 -(2-nfiethyl-4-phenylindenyl)}zirconium dichloride. 

rac-Dicyclohexylsilyiene-bs{1 -(2-methyl-4-phenyiindenyl))zirconium dichloride, 

rac-Methylphenylsilylene-bis{1 -(2-methyl-4-phenyiindenyl))zirconium dichloride. 
15 rac-Diphenylsilylene-bis{1 -(2-methyl-4iDhenyiindenyf)}zirconium dichloride. 

rac-Di(p-tolyt)silylene-bis{1 -(2-methy1-4-phenyiindenyt))zirconium d chloride, 

rac-Di(p-chlorophenyl)silylene-bi8{1-(2-m6thyl-4-phenylindenyl)}zirooruum dichloride. 

rac-Methylene-bis{1 •(2-methyt-4-phenylindenyl)}zirconium dichloride. 

rac-Ethylene-bis{1 '(2-methyl-4-phenylindenyl)}zirconium dichloride. 
20 rac-Dimethytgerniylene-b(S{1-(2-rnethyl-4-phenylindenyl)}zirconium dichloride. 

rac*Dimethytstannyiene-bls{1 -(2-methyl-4-phenylindenyl)}zirconium dichloride. 

rac-Dimethyisilylene-bis{ 1 -(2-methy}-4-phenyti ndenyl)}zirconium dibromide. 

rac-Dimethylsilylene-bis{1 -(2-methy}-4-phenylindenyO}zirconium dimethyl. 

rac-Dinrie!hylsilylene^is{H2-methyl-4i3heriylirKlenyQ}zira)nium methylchloride, 
25 rac-Dtmethylsilylerie-bis{1-(2-methy)-4i)hefiytirKjerTyl)}zirconium chloride 802^6, 

iBcOimethylsilylene-bis{1-(2-methyl-4-pheriylindenyl)}zirconiurn chloride 0S02Me. 

rac*Dtnriethylsilylene-bis{1-(2-methyi-4i3heriylindenyO}ziro^^ monochloride mono (trifluoromethanesul- 
fonato). 

rac-Dimethylsilylene-bis{1-(2-methyi-4-phenylindenyl)}ziroonium di(trifluoromethanesuHbnato), 
30 rac>Dimethylsilylene-bis{1-(2-methyi-4-pheriyiinder(yl)}zircoriiumdi(p-to^^ 

rac-Dimethylsilylene^is{1-(2-methyl-4-phenylindenyO}zirconium di (methylsulfonato), 

rac-Dimethylsilylene-bis{ 1 *(2-methyl-4-phenylindenyO}zirconium di(trif luoromethanesulf inato). 

rac-Dimethylsilylene-bt5{1-(2-methyl-4-phenyiindenyl)}ziroonium di(triftuoroacetate). 

rac-Dimethylsilylene-bis{1-(2-methyl-4-pheriylindenyl)}ziroonium monochloride(n-butOKide), 
35 rac-Dimethylsilylene-bis{ 1 -(2-methyl-4-phenylindenyl))zirconium di(rvbutoxide). 

rac-Dimethylsilylene-bis{ 1 -(2-methyl-4-phenylindenyl)}zirconium monochloride{pherx)xide). 

rac-Dimethytsilylene-bis{ 1 -(2-ethyl-4-phenylindenyl)}zirconlum dichloride. 

rac-Dime!hylsllylerie-bis{1-(2-ethyl-4-(a-fiaphthyOtrKlenyl)}zirconium dichloride^ 

rac-Dim8thyisilylene^3is{1-(2-ethyl-4-(p-naphthyOiridenyl}zirconi dichloride. 
40 rac-Dimethylsilylene43is{1-(2-ethyl-4-(2-methyl-1-riaphthyOirxJenyl))zirconiumdc^^ 

rac-Dimethyl8ilylene^is{ 1 -(2-ethyl-4-(5-acenaphthy1)indenyl)}zirconium dichloride, 

rac-Dimethylsilylene^is{1'(2-ethyl-4-(9-arithracenyOindenyO}zirooriiumdichb^^ 

rac-Dimethyl8ilytene-bis{H2'ethyl-4-(9^henanthryl)irKleriyl))zirccniumdi^ 

rac-Dlmethyl8ilylerie-bis{H2>ethyi-4-(o-m6thylphenyt)irideriyl))zircoruu^ dichloride, 
45 rac-Dim6thyl8tlytene-bi8{ 1 -(2-ethyt-4-(nvmethytphenyl)indenyf )}zirconium dichloride. 

rac-Dimethy1silytene-bis{H2-ethy1-4-(p-methylphenyt)irdenyO}zircoru^ dichloride. 

rac-Dimethylsilylene-bts{ 1 -(2>ethyl-4-(2.3-dimethylphenyt)indenyl)}zirconium dichloride. 

rac-Dimethylsiiylene-bis{ 1 -(2-ethyl-4-(2.4-dimethytphenyt)indenyl)}zirconium dichloride, 

rac-Dimethylsilylene-bis{ 1 -(2-ethyl-4-(2.5-dtmethylphenyl)indenyl)}zirconium dichloride. 
so rac-Dimethylsilylene-bis{1 -(2-ethyl-4-(2.4,6-trimethylphenyOindenyl)}zi^ dichloride. 

rac-Dimethylsily1ene^is{H2-ethyl-4-(o<hlorophenyQindenyl)}zircoriiij^ dichloride. 

rac-Dimethyisilylene-bis{1 -(2-ethyl-4-(m-chloropherTyOirKleny1)}zirco^ dichloride, 

rac-Dimethylsilylene-bis{ 1 -(2-ethyl-4-(p-chlorophenyOindenyl)}zirconiin dichloride, 

rac-Dimethylsilylene-bis{ 1 -(2-ethyl-4-(2.3-dichlorophenyl)indenyi))zirconium cfichloride, 
55 rac-Dimethylsilylene4)is{1-(2-ethyl-4-(2,6-dichloropherTyl)irxjeriyl)}zjrconium dichloride. 

rac-Dimethylsilylene-bis{1-(2-ethyl-4-(3.5-dichlorophenyOindenyl)}zirconium dichloride, 

rac-Dimethylsilytene-bis{1-(2-ethyt-4-(24>romophenyl)iii^ 

rac-DimethylsilyleTie*is{1 -(2-ethyl-4-(34>romophenyl)irxleriyO}zirconium dichloride. 

rac-Dimethylsilyterie-bts{H2-ethyt-4-(443ronx)pheny1)indenyO}zircoriium dichloride. 
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rac-Diniethylsilylene-bis{1 -(2-ethyl-4-(4-biphenylyJ)indenyl)}zirco^ dichloride. 
rac-Diit)etlTy)silytene-bis{1 -(2-6thyi-4-(4-tiTO dichioride. 
rac-Dimethylsilylene-bis{1 •(2-n-propyl-4-phenylindenyl)}2iroonium dichioride, 
rac-Dimelhylsilylene4)is{1-(2-ni)ropyl-4-(a-naphthyl)indenyf)}zirc^ dichioride, 
rac-Dimethylsilylene-bis{1 -(2-ni)ropyl-4-(p-naphthyl)inden^^^ dichioride. 
rac-Dimethylsilylene-tois{ V(2-n-propyl-4-(2-methyl-1 -naphthyl)lndenyl))2irconium dichioride, 
rac-Dimelhylsilylene-bis{ 1 -{2-n-propyl-4-(5-acenaphthyl)indenyl)}2irconium dichioride. 
rac-Dimethytsilylene-bis{ 1 -(2-n-propyl-4-(9-anthracenyl)indenyl)}zirconium dichioride. 
rac-Dimethylsilylene-bis{V(2-n-propyl-4-(9-phenanthryl)indenyl)}2irco^ dichioride. 
rac-Dim€lhylsilylene4)is{l •(2-i-propyl-4i)henylindenyl)}2irconium dichioride. 
rac-Dimethylsilylerie-bis{1 -(2-l-propyl-4-(a*naphthyl)tndenyl)}zir^ dichioride. 
rac-Dimelhylsilylene-bis{ 1 •(2-l-propyl-4-(p-naphthyl)indenyl))zrrconium dichioride. 
rac-Dimethylsilylene-bis{H2-i-propyl-4-(Vmethyl-9-naphthyi)indenyl))zii^ dichioride. 
rac-Dimethylsilylene-bis{ 1 -{2-i-propyl-4-(5-acenaphthyOindenyl)}zirconium dichioride. 
rac-Dimethylsllylene-bis{1 •(2-i-propyl-4-(9-anthracenyOindenyl))2irconium dichioride, 
rac-Dimethyisilylene-bi8{1 •(2-i-propyl-4-(9^henanthryl)inderiyl)Jziroonium dichioride. 
rac-Dime*hyl6ilylene43i6{1 -(2-8-biJtyl-4-phenylindenyl))zirconium dichioride. 
rac-Dimethylsiiylene-bis{1 •{2-s4xityl-4-(a-napWhyl)indenyl)}2irco^ dichioride, 
rac-Dimethyl8ilylene4)is{1 •(2-s-butyl-4-(p-napmhyl)indenyl))zirconium dichioride, 
rac-Dimethylsilylene4)is{1 -(2-s-butyl-4-{2HTiethyl-1 -naphthyl)ind^ dichioride. 
rac-Dimethylsilylene4>is{1 -{2-s-butyl-4-{5-acenaphthyOii^ dichioride. 
rac-Dimethylsilylene-bls{1 -(2-s-butyl-4-(9^nthracenyl)inden^^ dichioride. 
rac-Dime4hylsilylene45is{1 -(2-s-butyi-4-(9i)henarthryOirKjenyl)^ dichioride. 
fac-Dimethylsilylene-bis{1 -(2-n-perttyl-4-phenylindenyl)}zlrconium dichioride. 
rac-Dimethylsilylene-bis{1-(2-n-pentyl-4H[o-naphthyOirxjen^^ 
rac-Dimeltvlsilylene-bis{1 •(2-n-*xityl-4-phenylirxJenyl)}zirco^ dichlaide. 
rac-Dimethylsilylene-bis{1 -(2-n-butyl-4-(a-naphthyl)indenyO}zirconium dichioride. 
rac-DimethylsiIylene-bis{1 -(2-n-butyl-4-(p-napWh]^)inden^^^^^^ dichioride. 
rac-Dimethylsilylene-bisjl -(2-n-butyl-4-(2-methyl-1 -naphthyl)indenyt)}zirconium dichioride, 
rac-Dimethyl8ilylene-bis{l •(2-n-butyl-4-(5-acenaphthyl)indenyl))zirconium dichioride, 
rac-Dimelhylsilylene4M8{1 K2-n-butyl-4-(9^nthracenyl)indenyl)}zirconium dichioride. 
rac-Dimethylsilylene-bisjl ■(2-n-butyl-4-(9-phenanthryl)indenyl)}zircohium dichioride, 
rac-Dimethyisilylene-bis{1 -{2-i-butyl-4-phenylindenyl)}2irconium dichioride, 
rac-Dimethylsilylene-bis{1 -(2-i-butyl-4-(a-naphthyl)indenyl))2irconium dichioride, 
rac-Dimethylsilylerie-bisil -(2-i-butyl-4-{p-naphthyl)indeny^^ dichioride. 
rac-Dimemy1silylene*te{1 -(2-i-butyl-4-(2-methyl-l-naphthyl) dichioride, 
rac-Dimethylsilylene-bis{1-(2-i-birtyh4-(5-acenaphthyl)irxJ^ 
rac-Dimethylsilylene^)is{1 •(2-i-butyk4-(9-amhracenyl)indenyl)}zircora dichioride, 
rac-Dimethylsilylene-bis{1 -{2-i4xi^rl-4-(9-phenanthryl)inderiyl))2irconium dichioride. 
rac-Dimethylsilylene-bis{1 -(2-neopentyl-4-phenylindenyl)}zirconium dichioride. 
rac-Dimethylalylene-bis{1 •(2-neopentyl-4-(a-naphthyl)indenyl))2irconium dichioride, 
rac-Dirnethylsilylene-bis{1 -(2-ri-hexyl-4-pherTyllndenyl)}2irconium dicWoride. 
rac-Dimethyl6ilylene-bts{1 -(2-n-hexyl-4-(a-naphthyl)indenyi))2irconium dichioride. 
mc-Methylphenyl8ilylene-bi8{1 -(2-ethyl-4-pheiiylindenyl))2irconium dichioride, 
rac-Methylphertyl8ilylene-bi8{1 -{2-ethyM-{a-naphthyl)indenyl)}2irconium dichioride. 
rac-Melhytphenylsilyiene-bis{1 -(2-ethyl-4-(9-anthracenyl)indenyl)}2irconium dichlaide. 
rac-Melhylphenylsilylene-bis{1 •(2-ethyl-4.(9-phenanthryl)indenyl)}2irconium dichioride, 
rac-0iphenylsilylene-bis{1 •(2-ethyl-4-phenyiindenyl)}2irconiuni dichioride. 
rac-Diphenytellylene-bis{1-(2-ethyl-4Ka-napmhyl)indenyl)^^^^ 
rac-Diphenylsilylene-bis{1 -(2-ethyl-4-(9-anthracenyl)indenyl)}2irconium dchloride. 
fBC-Diphenylsilylene-bis{1 -(2-ethyi-4-(9-phenarTthryl)indenyl))2irconium dichioride, 
rac-Diphenyisilylene-bis{1 -(2-ethyl-4-(4-bipheny1yl)indenyl))zirconium dichioride. 
rac-Methylene-bis{1-{2-ethyl-4-phenylindenyl)}ziroonium dichioride, 
rac-Melhylene4)is{H2-ethyl-4-(a-riaphthyl)indenyl)}2irconium dichioride. 
rac-Ethylene-bis{1 -(2-ethyl-4-phenylindenyl)}2irconium dichioride. 
rac-Ethylene4)isil -{2-ethyl-4-(a-r)aphthyl)indenyl))zirconium dichioride. 
rac-Elhylene-bisil -{2-n-propyl-4-{a-naphthyl)indenyl))2irconium dichioride, 
rac-Dimelhylgermylene-bi8{1 ■(2-ethyl-4-phenylindenyl)}2irconiun dichioride. 
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. rBC^Dimethylgermylene4)is{1 -(2-ethyM-(€Hiaphthyl)iridenyl)}ziroonium dichloride. and 
fac-Diniethylgermylene-bis{1 -(2-n-prqDyl-4-phenylindenyO)2irconium dichloride. 
Also employable are compounds obtained by replacing zirconium with titanium or hafnium in the above-exemplified 
compounds. 

5 In the invention, as the catalyst component the metallocene compounds mentioned above are generally used in 
the form of racemlc modification, but they can be used in the form of R type or S type. 
The metallocene oompounds may be used in combination of two or more kinds. 

The metallocene oompounds can be prepared in accordance with "Journal of Organometallic Chem.". 288 (1985). 
pp. 63-67 and European Patent Pid)6cation No. 0.320.762. 

70 

(B) QraanQaluminumoxy-compound 

The organoaluminum oxy-compound (B) used in the invention may be aluminoxane conventionally known a may 
be such a benzene-insoluble organoaluminum oxy-compound as exemplified in Japanese Patent Laid-Open Publication 
75 No. 78687/1990. 

The conventionally known aluminoxane can be prepared by. for example, the following procedures. 

(1) A procedure of adding an organoaluminum compound such as trialkylaiuminum to a hydrocartxsn medium sus- 
pension of a compouTKl containing adsort>ed water or a salt containing water of crystallizatkan. e.g., magnesium 

20 chlohde hydrate, copper sulfate hydrate, aluminum sulfate hydrate, nickel sulfate hydrate or cerous chloride hydrate, 
so as to perform reaction, folk>wed by recovering aluminoxane as its hydrocartx)n solution. 

(2) A procedure of allowing water, ice or water vapor to directly act on an organoaluminum compound such as 
trialkylaiuminum in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran. followed by recovering alu- 
minoxane as its hydrocartxm solution. 

25 (3) A procedure of allowing organotin oxide such as dimethyttin oxide or dibutyttin oxide to react with an organoa- 
luminum compound such as trialkylaiuminum in a medium such as decane. benzene or toluene. 

The aluminoxane may contain a small amount of an organometallic component. Further, it is possiblethatthe solvent 
ortheunreacted organoaiuminumcompound is distilled off from the recovered solution of aluminoxane and the remainder 
30 is redissolved in a solvent. 

Examples of the organoaluminum oompounds used for preparing the aluminoxane include: 
trialkylaluminums. such as trimethylaluminum, triethylaluminum. tripropylaluminum, triisopropylaluminum. tri-n- 
butylaluminum. triisobutylaluminum. tri-sec-butylaluminum. tri-tert-butytaluninum. tripentytaluminum, trihexylaluminum. 
trioctylaluminum and tridecyialuminum; 
35 tricydbalkylalunvmjms. such as tricydohexylaluminum and tricydooctylaluminum; 

dialkylaluminum halides. such asdimethylaluminum chloride, diethyialuminum chloride, diethylaluminum bromkie 
arxj diisobutyialunranum chloride; 

dialkylaluminum hydrides, such as cfiethylaluminum hydride and diisobutylaluminum hydride; 
dialkylaluminum alkoxides. such as dimethylalumlnum methoxide and diethylaluminum ethoxide; and 
40 dialkylalunrinum arytoxides. such as diethylaluminum pherx>xide. 

Of these, particulariy preferred are trialkylaluminums and tricydoalkylaluminums. 

Also enployable as the organoaluminum compound used for preparing the aluminoxane is isoprenylaluminum rep- 
resented tjy the formula (i-C4Hg)xAly(C5Hio)z (wherein x. y. z are each a positive number, and z e 2x). 
The organoaluminum compounds mentioned akxive may t^e used in comt)ination of two or wore kirxls. 
45 Examples of the solvents used for preparing the alunrunoxane include: 

aromatic hydrocartx>ns. such as benzene, toluene, xylene, cumene and cymene; 

aliphatic hydrocarbons, such as pentane. hexane. heptane, octane, decane, dodecane. hexadecane and octa- 
decane; 

alicydic hydrocartx)n8. such as cydopentane, cydohexane. cydooctane and methylcydopentane; 
50 petroleum fractions, such as gasdine, kerosine and gas oil; and 

haldes of these aromatic, aliphatic and alicydic hydrocartx)ns, particutarty chkxides and bromides thereof. 
Also employable are ethers such as ethyl ether arxl tetrahydrofuran. Of the solvents, particularly prefenred are aro- 
matic hydrocark)ons. 

The organoaluminum oxy-conrpounds mentioned above may be used in combination of two or more. 

55 

IC) Compound which reacts with the metallocene compound (A) to form an ton oair 

The conpound (C) which reads with the metallocene compound [A] to form an ion pair indudes such Lewis add, 
ionic compounds. tx)rane compounds and caftx>rane compounjs as described in National Putrfcations of international 
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Raterrt NO..501950/1989 and No. 502036/1989. Japanese Patent LaldOpen Publication No 179005/1991 No 
179006/T991..NO. 207703/1991 and No. 207704/1991. and US. Patent No. 547.718. 

The Lewis add includes Mg-containing Lewis add. Al-containing Lewis add and B-containing Lewis add Of these 
B-contalning Lewis add is preferred. 
5 The Lewis add which contains a boron atom is. for example, a compound represented by the following Ibmujia: 

wherein R'^arxi R^^areeach independenfly a phenyl group which may have substituents such as fluor^^ methyl 
10 and trifiuoromethyl. or a fluorine atom. 

Examples of the compounds represented by the above formula include trifluoroboron. triphenylboron tris(4-f luor- 
ophenyl)boroa tris(3.5^rfluorophenyl)boron, tris(4-fluoromethy!phenyl)boron. tris(pentafluorophenyl)boron tris(p- 
tolyl)boron. tris(o-tolyl)boron and tris(3.5Klimethytphenyl)boron. Of these, particularly preferred is tris(pentafluorophe- 
nyI)boron. 

The ionic compound employable in the invention is a salt comprising a cationic con^und and an anionic conpound. 
The anion reacts virith the metallocene compound (A) to render the compound (A) cationic and to form an ion pair so as 
to stabilize the transition metal cation seed. Examples of such anion include organoboron compound anion, organoars- 
enic compound anion and organoalisninum compound anion. Preferred is such anion as is relatively bulky and stabilizes 
the transition metal cation seed. Examples of cation indude metallic cation, organometallic cation, carbonium cation, 
tripium cation, oxonium cation, sutfbnium cation, phosphonium cation and ammonium cation. More spedf ically. there 
can be mentioned triphenylcarbenium cation, tributyiammonium cation, N,N-dimethylammonium cation, fen-ocenium 
cation, etc. 

Of these, prefened are ionic compounds containing a boron compound as anion, and examples thereof indude: 
trialkyl-substHuted ammonium salts, such as triethylammoniumtetra(phenyl)boron. tripropylammoniufntetra(phe- 
nyl)boron. tri(n4xjtyl)ammoniumtetra(phenyl)boron. trimethylammoniumtetraO>tolyOboron. trimethylammoniumtetra(o- 
tolyl)boron. tributylammoniumtetra(pentafluorophenyOboron. tripropytammoniumtetra(o,p-dimethylphenyl)boroa trib- 
utylammoniumtetra{m.nv<limethylphenyl)boron. tributylammoniumtetra(p-trifluoromethylphenyl)boron. tri(n-butyl)- 
ammoniumtetra(o-tdyl)boron and tri(n-butyl)ammoniumtetra{4^luorophenyl)boron: 

N.N.-dialkylanilinium salts, such as N.N-dimethylaniliniumtetra(phenyl)boron, N.N-diethylaniliniumtetratohe- 
30 nyl)boron and N,N-2.4.6i5entamethylaniliniumtetra(phenyl)boron: 

dialkylammonium salts, such as di{n-propyl)ammoniumtetra(pentaf luorophenyt)boron and dicydohexylammoni- 
umtetra(phenyOboron; and 

triarylphosphonium salts, such as triphenylphosphoniumtetra(phenyl)boron, tri(methylph6nyl)pho8phoni- 
umtelra(phenyOborDn and tri{dimethylphenyl)phosphoniumtetra(phenyl)boit)n. 

As the ionic compounds containing a boron atom. triphenylcarbeniumtetrakis(pentafluorophenyl)borate N 
dimethylaniliniumtetrakis(pentafiuorophenyf)borate and ferroceniumtetrakis(pentafluofophenyOborate can be also 
employed in the invention. 

Further, the following conpounds are also employable. (In the ionic compounds enumerated below, the counter ion 
is tri(n-butyl)ammonium. but the counter ion is in no way limited thereto.) 

That is. there can be mentioned salts of anion, for example. bis[tri(n-butyl)ammonium]nonaborate. bis{tri(n- 
butyl)ammonium]decaborate. bis{tri(n-butyl)ammonium] undecaborate. bis[tri(n^utyl)ammonium]dodecaborate 
bis{tri(n-butyl)ammonium)decachlorodecaborate. bispri(n-butyl)ammonium]dodecachlorododecaborate. trl(n- 
butyl)ammonium-1-carbadecaborate. tri(n^xjtyOammonium-1-caibaundecaborate. tri(n-butyl)ammonium-lKarbado- 
decaboiBte. tri{n-butyl)ammonium-1-trimethylsily|.1-carbadecaborate and tri(n-buty0ammoniuni5romo-1<ait)ado- 
45 decaboiBte 

Moreover, borane compounds and carborane compounds are also employable. These conpounds are enployed 
as the Lews acid or the ionic compounds. 

Examples of the borane and caft)orane compounds include: 
borane and carborane complex compounds and salts of carborane anion, such as decaborane{14). 7.8-dicar. 
so baundecaborane(13). 2.7<iicafbaundecaborane(13). undecahydride-7.8<limethyj.7.8<licarbaundecaborane. dodec- 
ahydride-11.methy|.2.7<iicarbaundecaborane. tri(n.butyl)ammonium-6-caibadecaborate(14). tri(frbutyl)aminoniunv6- 
carbadecaborate{12). tri(n.butyl)ammonium.7«rbaundecaborate(13). tri(n-butyl>ammonium-7.Micarbaundecabo. 
rate(12). tri(n4)utyl)ammonium-2.9^icarbaundecaborate(12). tri(n^)ammoniumdodecahydride.8-methy|.7.9<jicar. 
baundecaborate. tri{n-butyl)anmK>niumundecahydride-8.ethy|.7.9^icarbaundecaborate^ tri(n-butyl)ammoniumun. 
ss decahydride*bulyl-7.9<Jicartaundecaborate. tri(n-butyOammoniumundecahydride^-ally|.7.9Kjicarbaundecaborate 
tri(n^)utyOammoniumundecahydride-9-trimethylsilyl-7.8Kjicaibaundeca^ and tri(n-butyl)ammoniumundecahy- 
dride-4.6-dibromo-7-cari>aundecaborate; and 

carborane and salts of carborane. such as 4Kaibanonaborane(14), 1 .3-(ficarfoanonaborane(13), 6.Micaibade- 
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caborane(14). <lodecahydride-1i)henyl-l,3Kficait)anon^ dodecahydride-l-melhyl-I.S-ctoibanonate and 
undecahydrtde-1 .3<jlmethyl-l ,3-dicart)anonaborane. 

Furthermae. the following compounds are also employable. (In the ionic compounds enumerated below, the counter 
ion is tri(n-butyl)ammonium, but the counter ion is in no way limited thereto.) 

5 That is, there can be mentioned salts of metallic cartwane and metallic borane anion, for exanple. tri(n-buty1)ammo- 
niumbis(nonahydride-1 ,3-dicart>anonaborate)cobaltate(lll). tri(n-butyl)ammoniumbis(undecahydride-7.8- dicarbaunde- 
caborate)fenBte(lll). tri(n-butyl)ammoniumbis(undecahydride-7.8Kjicarbaundecaborate)cobaftate{n tri(n- 
butyl)an»TK)niumbis{undecar^ride-7,8<licarbaundecabor^ tri(n-butyl)ammoniumbis(undecahydride- 
7,8-dicait)aundecaborate)cuprate{lll), tri(n^xityOammoniumbs(undecahydride-7,8Kiicart)aundecaborate)aurate(HO 

10 tri(n-k»JtyOammoniumbis{nonahydride-7,8KJimethyl'7.8^ 

ahydride-7.8-dimethyl-7.8-dicart)aundecaborate)chromate(lll), tri(n-butyl)anrimoniumbis(tribromooctahydride-7.8-dicar- 
baundecaborate)cobaltate(lll). tri(n-butyOamnx»iiumbis(dodecahydrkledicait>adodecaborate)cobate^ bis[tri(n- 
butyl)anrvnonium]bis(dodecahydridedodecaborate)nickelate(IIO. tristlrl(n-butyl)ammonium]bis(undecahydride-7^r- 
baundecaborate)chromate(lll), bis[tri(n-butyOamnxjnium]bis(undecahydride-7-^^ 

1$ bis[trl(n4)utyl)ammonium]bi5(undecahydride-7Kart)aunda and bis[tri(n-bulyl)ammo- 

nium]bis(undecahydride-7-carbaundecaborate)nickelate(IV). 

The compounds (C) which react with the metallocene compound (A) to form an ion pair can be used singly or in 
combination of two or more kinds. 



20 (D) Oroanoaiuminum compound 



The organoaluminum compound (D) used in the invention can be represented by, for exanrple. the following tomwla 

(a): 



^ . R2'nAIX3.n (a) 

wherein R^^ is a hydrocaitwn group of 1 to 1 2 cartx)n atoms, X is a halogen atom or hydrogen, and n is 1 to 3, 

In the above formula (a). R^^ is a hydrocarbon group of 1 to 1 2 carbon atoms, e.g.. an alkyi group, a cycloalkyi group 
or an aryl group. Particular examples thereof include methyl, ethyl, n-propyl. isopropyl, isobutyl, pentyl, hexyl, octyl. 
30 cydopentyl, cydohexyt. phenyl and tolyl. 

Exanples of such organoaluminum compounds include: 
trialkylaluminums, such as trimethylaluminum. triethylaluminum. triisopropylaluntinum, triisobutylaluminum, trioc- 
tylaluminum and tri-2-ethy!hexylaluminum; 

alkenyialuminums. such as isoprenylaluminum; 
35 dialkylaluminum halides. such as dimethylaluminum chloride, diethylaluminum chloride, ditsopropylaluminum 

chloride, di^obutyialuminum chloride and dimethylaluminum bromide; 

alkylaluminum sesquihalides, such as methylaluminum sesquichloride, ethylaluminiim sesquichloride, isopropy- 
laluminum sesquichloride. butytaluminum sesquichlorkJe and ethytaluminum sesquibromide; 

alkylaluminum dhafides. such as metfiylaluminum dichloride, ethylaluminum dichloride, isopropylaluminum 
40 dichloride and ethylaluminum dforomide; and 

alkylaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride. 
Also employable as the organoaluminum coti^xjund (D) is a compound represented by the following formula (b): 



45 



R^VAIY: 



3-n (b) 



herein R^i is the same as above; Y is -0R22 group, OSiH^z group. -0A1R2'*2 9«>up. -NR^^z group, -SiR^^g group or 
-N(R2 )AlR^group; n is 1 to 2; r22, r23^ r24 and r28 are each methyl, ethyl, isopropyl. isobutyl. cyclohexyl. phenyl 
or the like; R^^ is hydrogen, methyl, ethyl, isopropyl. phenyl, trimethylsilyl or the like; and R^^ and R^^ are each methyl 
ethyl or the like. 

so Examples of such orgaioalumirvm compounds include: 

(i) compounds of the fomiula P^^nM(OP?^^, e.g.. dimethylaluminum methoxide. (fiethylaluminum ethoxide and 
diisobutylaluminum methoxide: 

(ii) conpounds of the fomujla R2\AI(OSiR233)3.„. e.g.. (C2H5)2AI(OSi(CH3)3). (iso-C4H9)2Al(OSi(CH3)3) and (Iso- 

SS C4H9)2AI(OSi(C2H5)3); 

(Di) compounds of the formula R2'„AI(0AIR2*2)3.„. e.g.. (C2H5)2A10AI(C2H5)2 and (rso-C4H9)2AI{OAI(iso-C4H9)2); 
(iv) compounds of the formula R2^„AI(NR252)3.^, e.g.. (CH3)2AI(N(C2H5)2). (CsHsjjAKNHCCHs)). 
(CH3)2A1(NH(C2H5)). (C2H5)2AI[N{Si(CH3)3)2] and Oso.C4H9)2Al[N(Si(CH3)3)2j; and 
(V) compounds of the fomwla R^^nAI(SiR2«3)3.n. e.g.. Oso<}4H9)2Al(Si(CH3)3). 
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Of these, preferred are organoaluminum compounds of the formulas R^^ 3 Al. R^VAI(0R22)3 ^ and R^i JU(0AIR2* K 
and particuiarly preferred are compounds of said fomuilas wherein R^' is an isoalkyl groip ^ n is 2. The organSa- 
luminum compounds mentioned above may be used in combination of two or more kinds. 

The specific metallocene catalyst used in the invention desirably contains the metallocene conpound (A) and it 
can be prepared from the metallocene compound (A) and the organoaluminum oxy-compound (B). Further, the metal- 
locene catalyst can be formed from the metallocene compound (A) and the oorrpound (C) which reacts with the com- 
pound (A) to form an ion pair, or it can be formed from the metallocene compound (A), the organoaluminum oxy- 
compound (B) and the compound (C). In these embodiments. It is particularly preferred to use an organoaluminum 
compound (D) in combinaton. 

In the present Invention, the metallocene compound (A) is used in an amount of usually about 0,00005 to 0.1 mmol 
preferably about 0.0001 to 0.05 mmol, in terms of the transition metal atom, per 1 liter of polymerization volume. 

The organoaluminun oxy-compound (B) is used in such an amount that the amount of the aluminum atom becomes 
usually about 1 to 10,000 mol. preferably 10 to 5.000 mol. per 1 mol of the transition metal atom. 

The compound (C) which reacts with the metallocene compound (A) to form an ion pair is used in such an amount 

thaltheamoumoftheboronatombecomesusuallyabout0.5to20mol.preferably 1 tolOmol.per 1 mol^ 
metal atonv 

The organoaluminum compound (D) is used. H desired, in an amount of usually about 0 to 1.000 mol preferably 
about 0 to 500 mol. per 1 mol of the aluminum atom in the organoaluminum oxy-conpound (B) or the boron atom in the 
compound (C) which forms an ion pair. 

When the ethylene (a), the a-defin of 3 or more cartoon atoms (b) and the nonconjugated polyene (c) are copoly- 
merized using the above-mentioned metaUocene catalyst, an ethylene-a-olefin-nonconjugated polyene random copol- 
ymer can be obtained with high polymerization activity. 

K the ethylene (a), the a-olef in of 3 or more carbon atoms (b) and the nonconjugated polyene (c) are copolymerized 
using a Group VB transition metal compound type catalyst such as a vanadium catalyst, it is irrpossible to obtain a 
random copolymer with high polymerization activity. Further, in the preparation of EPDM using the Groip VB transition 
metal compound type catalyst, the types of polyenes employable as the nonconjugated polyene (c) are limited to nor- 
bornene nng-containing polyenes such as ENB in many cases. On the other hand, when the Group IVB metallocene 
catalyst is used as in the present invention, the types of polyenes employable as the nonconjugated polyene (c) are not 
limited to the norbomene ring-containing polyenes, and the aforesaid various polyenes including chain nonconjugated 
30 polyenes such as MOD can be also polymerized. 

In the oopolymerization of ethylene (a), the a-defin of 3 or more carbon atoms (b) and the nonconjugated polyene 
(c). the metallocene compound (A), the organoaluminum oxy^ompound (B) and the conpound (C) which forms an ion 
pair, and if desired, the organoaluminum compound P), all of which constitute the metallocene compound, may be 
separately fed to the polymerization reactor, or the metallocene catalyst containing the metallocene conpound (A) 
35 which IS preliminarily prepared, may be added to the polymerization reaction system. 

In the preparation of the metallocene catalyst, hydrocarbon media which are inert to the catalyst conponents can 
be employed. Examples of the inert hydrocarbon media include aliphatic hydrocarbons, such as propane, butane, pen- 
tane. hexane, heptane, octane, decane. dodecane and kerosine; alicyclic hydrocarbons, such as cyclopentane. cydohex- 
ane and methylcyclopeniane: aromatic hydrocarbons, such as benzene, toluene and xylene: and halogenated 
hydrocarbons, such as ethylene chloride, chlorobenzene and dichloromethane. These hydrocaitjons may be used in 
combination. 

The metallocene compound (A), the organoaluminum oxy-compound (B), the compound (C) which forms an ion 
pair and the aganoaluminum compound (D) can be contacted witii each other at a tenperature of usually -100 to 200 
•C, preferably -70 to 1 00 •C. 

In the invention, oopolymerization of the ethylene (a), the a-olefin of 3 a more carbon atoms (b) and the noncon- 
jugated polyene (c) can be carried out under the conditions of a temperature of usually 40 to 200 •C, preferably 50 to 
150 "C. particularly preferady 60 to 120 ^C. and a pressure of atmospheric pressure to 100 kg/cm^. ^eferably atmos- 
phenc pressure to 50 Ug/ctrf, particularly preferably atmospheric pressure to 30 kg/cm^. 

Although the copolymerization readion can be performed by various processes, preferred is a solution pdymeriza- 
tion process. In the solution polymerization process, the aforesaid hydrocarbons are eirployable as the pdymerization 
solvents. 

The copolymerizatbn can be carried out either batchwise. semicontinuously or continuously, but it is preferably 
carried out continuously The pdymerization can be condurted in two nrwre stages having different readion conditions 
The aboveKjescribed sped! Ic random copolymer is obtained by ttie present invention, and the mdecular weight of 
thi s rando m copdymer can be regulated by varying the polymerization conditions such as pdymerization terrperature 
or controlling the amount of hydrogen (nx)lecular weight regulator). 

The reaction produd immediately after the polymerization is recovered from the pdymerization sdution by a known 
separation or recovery method, and then dried to obtain a sdid random copolymer. 
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Modified, random rxjQ^^if^ 

In the invention, the ethylene-a-olefin-nonconjugated polyene random copotymer may be ^ modified with polar 

monomers. * ^ 

* indudehydroxyl group^ontaining ethylenic unsaturated conpounds, amino group<»ntaininQ 

SSTulS^llfif "^a^rt:!^ group^ontaining ethytenic unsaturated compounds. aro^SHnyl co^ 
pourxls. unsaturated cartxwylic acids a their derivatives, vinyl ester conpounds and vinyl chloride 
Examples of the hydroxyl group-containing ethylenic unsaturated compounds include- 

10 hydroxyethyl {melh)acrylate. 2-hydr«ypnwl (meth)acrylate. 3-hydroxyp,opyl 

SSiSJSLl^^tl!:!?'^ (nieth)acrytete. 3-chloro-2.hydroxyp™pyt (meth)aaytate. lyc^ol 

S^ST^t^ mono(meth)acrylate. polyethylene glycol mono(meth)aaylate and 2K6-hydroxyhex- 

« • ^ J.°'"[f 2-methanolnoft)omene. hydroxystyrene. hydroxyethyt vinyl ether, hydroxytxjtyl 

21^ r, 2-<'"«»')«"y«V»oxyethyl add phosphate, glycerol ether, allyl STZ 

iQxyethanol. 2-txjtene-1 .4-diol and glycerol monoalcohol. 

.r^^^ grou^nteining ethylenic unsaturated compound is. for example, a vinyl monomer having at least one 
ammo groi^> or substituted amino groiip represented by the following fomiula: 



20 



25 
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?^i2!r„'^'l^™^"^? « »Vdrogen. an alky) groip of 1 to 12 ca>tx>n atoms (preferably 1 to 

SeaAonato^^ 

the cydoaJkyl group may have a substituent 

Examples of the amino group-containing ethylenic unsaturated conpounds mdude- 
/mpthvflISI^"H22S^*fI^!["*' ^ " niethacrylic acids, such as aminoethyl (meth)acrylate. propylaminoethyl 
SSS2Sk2K?SS^ (-thjaoylate. phenylaminoethyl me.hacry.ate and 

vinylamine derivatives, such as N-vinyldiethylamine and N-acetylvinylamine- 
KH^£Z,:^^Z^^ ^'^"'"^ me««crytemi... ,^me.hy.ac,y.amine. N.N..methy.acry.an.ne and 

acrylamide derivaUves. such as acryiamide and N-metfiytecrylamide; 
« aminostyrenes, such as p-aminostyrene; and 

6-aminohexy.succinimide and 2-aminoethylsuccinimide. 
i-» JlL^ flwcontaining ethytenic unsaturated compound employable in the invention is a monomer having at 
least one polymenzable unsaturated bond and at least one epoxyyoup in one molecule. 
Examptesof such epoxy grotp-containing etfiytenic unsaturated corrpounds include 
<5 glycidyl acrytate and glycidyl mefhacryiate; 

^^^S!^ ^figlyc^y esters oftetrahydropWhalic add. mono- and diglyady. esters 

of rtaooivc aod. mono- and diglycidyl esters of butenetricarboxyfic add. mono- and diglyddyi esters of dtraconic add 

monc^SSS. 

dyi esters of allylsucantc acid: and 

«««r *^ ^enecartx»xy)ic add. allyl glyddyt ether. 2.methylallyl glycidyl ether, styrene^vfllyddyl 

« ^ 3.4-epoxy.H^mene. 3A^.^.meaZ^,^ 5.t 

55 epQxy-l-hexene and vmylcydohexene monoxide. ^ k« 



BNSDOCID: <EP 07iaa24A2_L> 



14 



EP0718324A2 

Jl^e aromalic vinyl compound is represented by the following formula: 




wherein R^^ and R^^ each independently hydrogen or an alkyl group of 1 to 3 cartwn atoms (e.g.. methyl, ethyl 
propyl orisopropyl), 

15 R« is a hydrocaiton group of 1 to 3 carton atoms (e.g., methyl, ethyl, propyl or isopropyl) or a halogen atom 

(&g.. chlorine, bronnine or iodine), and 

n is an integer of usually 0 to 5, preferably 1 to 5. 
Examples of the aromatic vinyl compounds include styrene. a-methytetyrene. o-methylstyrene. p-methylstyrene. m- 
methylstyrene, p^hlorostyrene. m-chtorostyrene, p-cWoromethylstyrene. 4-viny^plyridine. 2-vinylpyridine, 5-ethyl-2- 
so vinylpyridine, 2-methy|.5-vinylpyridine. 2-l8apropenylpyrldine. 2.vinylquinoline, 3-vinylisoquinoline, N-vinylcarbazole and 
N*vinytpyrroiidone. 

Employable as the unsaturated carboxylic acids are unsaturated cartxjxylic adds, such as acrylic add. molhacrylic 
acid, maleic acid, fumaric acid, tetiahydrophthalic add. itaconic add. dtraconic acid, crotonic add. isocrxnonic acid 
norbornenedicarboxylic add and blcydoI2.2.1]hepl-2-€ne-5.6^icarbOKyfic acid; and derivatives of these acids (eg ' 
25 add anhydrides, acid halides. amides. Imides and esters). 

Particidar examples of the derivatives include malenyl chloride, malenylimide. maleic anhydride, itaconic anhydride 
dtraconic anhydride, tetrahydrophthalic anhydride. bicyclo[2.2,1]hept-2-ene-5.Micart>oxylic anhydride, dimethyl 
maleate, monomethyl maleate. diethyl maieate. diethyl fumarate. dimethyl itaconate. diethyl dtraconate. dimethyl tet- 
rahydrophthalate. dimethyl bicydo[2.2.1]hept-2-ene-5.6-dicarboxylate. hydroxyethyl (meth)acrylate. hydroxypropyl 
30 (meth)acrylate, glycidyl (meth)acrylate. aminoethyl methaaylate and aminopropyl methacrylate. 

Of these, prefen^ed are (meth)aaylic acid, maleic anhydride. hydroxyettTyl (meth)acrylate. glyddyl methacrvlate and 
aminopropyl metinacrylate. 

Examples of the vinyl ester conpounds include vinyl acetate, vinyl propionate, vinyl n-butyrate. vinyl isobutyrate 
vinyl pivalate. vinyl caproate. vinyl versatate. vinyl laurate. vinyl stearate. vinyl benzoate. vinyl p-t-butylbenzoate vinyl 
35 salicylate and vinyl cydohexanecarbQxylate. 

Preparation of modified rantfipm ^^yniT 

The nmJified random copolymer is obtained by graft polymerizing the random copolymer with the polar monomer 
In the graft polymerization of the random copolymer with the polar monomer, the polar monomer is used in an amount 
of usually 1 to 100 parts by weight, preferably 5 to 80 parts by weight, based on 100 parts by weight of the random 
copolymer. 

The graft polymerization is generally performed in the presence of a radical initiator. 
The radical initiator is, for example, organic peroxide or an azo conpound. 

Examples of the organic peroxides include dicumyl peroxide, di-t-butyl peroxide, 2.5-dimethyl-2.5-bis(t-butylper- 
oxy)hexane. 2.S<limethyl-2.5*is(t-butylperoxy)hexyne-3. 1.3-bis{t-butylpefoxyisopropyl)benzene. 1.1-bis(t-butylper- 
oxy)valerate. benzoyl peroxide, t-butyl peroxybenzoate. acetyl peroxide, isobutyryl peroxide, octanoyi peroDdde. decanoyi 
peroxide, lauroyi peroxide. 3,5,5-trimethylhexanoyl peroxide. 2.4-dichlorobenzoyl peroxide and m-toluyl peroxide. 
Examples of the azo compounds indude azoisobutyronitrile and dimethylazoisobutyronitrile. 
The radical initiator is desirably used in an amount of about 0.001 to 10 parts by weight based on 100 parts by 
weight of the random copdymer. 

The radical initiator can be used by mixing it with the random copolymer and the pdar monomer, or can be used 
after dissolving it in a small amount of an organic solvent. As the organic solvent any organic solvents can be used 
without specific limitation as far as they can dissolve the radical initiator For exanple. there can be used aromatic 
hydrocarbon solvents, such as benzene, toluene and xylene: aliphatic hydrocarbon solvents, such as pentane. hexane 
heptane, octane, nonane and decane; alicydic hydrocarbon solvents, such as cyclohexane. methytcydohexane and 
decahydronaphttialene: chlorinated hydrocarbon solvents, such as chlorobenzene. dichlorobenzene. trichlorobenzene 
methylene chloride, chloroform, carbon tetrachloride and tetoachforoethylene: alcohol solvents, such as methanol eth^ 
anol. HDropanol. iso-propand. n-butand. sec-butanol and tert-butanol; ketone solvents, such as acetone, methyl ethyl 
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ketone and, methyl isobutyl ketone: ester sotvents. such as ethyl acetate and dimethyl phthalate; and ether solvents 
such as dimethyl lether. diethyl ether, di-n-amyl ether, tetrahydrofuran and dioxyanisoL 

In the graft polymerization of the random copolymer with the polar monomer, a reducing material may be used By 
the use of the reducing material, the graft quantity of the polar monomer can be inaeased. 

The reducing material includes not only iron (11) ion. chromium ion. cobalt ion. nickel ion. palladium bn. sulfite, 
hydroxylamine and hydrazine but also compounds containing groups such as -SH. SO3H. -NHNH2. -COCHCOH)- 

Examples of such reducing materials include ferrous chloride, potassium bichromate, cobalt chloride, cobaft naph- 
thenale. palladium chloride, ethanolamine. diethanolamine. N.NKimethyianiline. hydrazine, ethylmercaptan benze- 
nesulfonic acid and p-toluenesulfonic acid. 

The reducing material may be used in an amount of usually 0.001 to 5 parts by weight, preferably 0. i to 3 parts by 
weight, based on 100 parts by weight of the random copolymer. 

The graft modification of the random copolymer with the polar monomer can be carried out by a conventional known 
method. For example, the random copolymer is dissolved in an organic solvent, and to the solution are added the polar 
monomer and the radical initiator to perfomi reaction at a temperature of 70 to 200 -C. preferably 80 to 190 'C. tor a 
reaction time of 0.5 to 15 hours, preferably 1 to 10 houiB. 

As the organic solvent, any organic solvents can be used without specific limitation as far as they can dissolve the 
random copolymer. For example, aromatic hydrocaibon solvents, such as benzene, toluene and xylene, and al^hatic 
hydrocart)on solvents, such as pentane. hexane and heptane, are enployaWe. 

The modified random copolymer can be also prepared by causing the random copolymer to react with the polar 
20 monomer in the absence of any solvent using an extruder or the like. In this case, the reaction is desirably conducted 
at a temperature not kiwer than the melting point of the random copolymer, specifically 1 20 to 250 »C. for a reaction time 
of0.5to 10 minutes. 

The nrxjdification quantity of the modified random copolymer thus obtained (i.e.. graft quantity of the polar monomer) 
IS desirably in the range of usually 0.1 to 50 % by weight, preferably 0.2 to 30 % by weight. 

25 

The vulcanizable rU)ber composition of the invention which contains the above^jescribed ethylene-aK)lefin-non- 
conjugated polyene random copolymer may be used in the unvulcanized state, but if the conposition is used as its 
vutcanizate. much more improved properties can be exhibited. 

The vulcanizable rubber composition of the invention can be vulcanized by heating H using a vulcanizing agent or 
by irradiating it with electron rays without using a vulcanizing agent. 

The vulcanizable rubber conposition of the invertion may appropriately contain 
a^lefin-nonconjugated polyene random copolymer according to the use application, and it is desired the ethylene-a- 
olefin-nonconjugated polyene random copolymer is contained in an amount of not less than 20 % by weight, preferably 
not less than 25 % by weight based on the whole amount of the rubber conposition. 

Examples of the other components include various chemicals such as reinforcing agent, inorganic filler softening 
agent aging inhibitor (stabilizer), processing aid. compounds which constitute foaming system (e.g.. foaning agent and 
foaming aid), plasbcizer, colorant blmring agent and other rubbers. The kinds and the amounts of these components 
are properly determined according to the use application. Of these, preferably used are reinforcing agent, inorgank; filler 
and softening agent. Details of these components are described below. 

ReinforcinQ aoent and i norganic filler 

Examples of the reinforcing agents include caftx)n black such as SRF. GPF. FEF. MAF. HAF. ISAF. SAF. FT and MT. 
black surface-treated with silane coupling agents, silica, activated calcium carbonate, powdery talc and powdery 

Examples of the inaganic fillers include light calcium carbonate, heavy calcium caitxinate. talc and day. 

In the rubber composition of the invention, the reinforcing agent and/or the inorganic filler may be contained in an 

amourit of 10 to 300 parts by weight preferably 10 to 200 parts by weight based on 100 ^ 
a-otefin-nonconjugated polyene random copolymer 

From the nisber conposition containing the reinforcing agent in the above-mentfoned amount, a vulcanized rubber 
improved in mechanical properties such as tensile strength, tear strength and abrasion resistance can be obtained. 

If the inorganic filler is added in the above-mentioned amount the hardness can be raised without deteriorating 
other properties of the vulcanized rutiber, and the cost can be reduced. 
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Softening aoent 

As the softening agents, those conventionally added to mbbers can be widely used, and exanples thereof include 
petroleum type softening agents, such as process oil. lubricant, paraffin, liquid paraffin, petroleum asphaft and 

s vaseline; 

coal tar type softening agents, such as coal tar and coal tar pftch; 

fatty oil type softening agents, such as castor oil, linseed oil. rapeseed oil and coconut oil; 

waxes, such as tall oil, factice. beeswax, carnauba wax and lanolin; 

fatty adds and tatty add safts. such as ridnolic add. pabnHic acid, barium stearate. caltium stearate and zinc 
10 laurate; and 

synthetic polymer materials, such as petroleum resin, atactic polypropylene and cumarone-indene resin. 
Of these, preferred are petroleum type softening agents, and particularly preferred is process oil. 
The softening agent can be contained in the rubber composition of the invention in an amount of 10 to 200 parts by 
weight, preferably 10 to 150 parts by weight, particularly preferably 10 to 100 parts by weight based on 100 parts by 
75 weight of the ethylene-a-olef in-nonoonjugated polyene random copolymer. 

AotnQ inhibitor 



25 



The rubber composition of the invention preferably contains an aging inhibitor because the material life can be 
20 lengthened. 

Examples of the aging inhibitors include: 
aromatic secondary amine type stabilizers, such as phenylnaphthylamine. 4,4*.(a,a-dimothylbenzyl)diphe- 
nylamine and N.N'-di-2-naphthyl-p-phenylenediamine; 

phenolic type stabilizers, such as 2.Ml.t-butyl^methylphenol and tetrakis.[methylene-3-(3'.5'<Ji-t-butyl^'- 
hydroxyphenyOpropionate]methane; 

thioether type stabilizers, such as bis[2-methyl^.(3-n^lkyfthiopropionylQxy^5-t-butylphenyQsu^^^ 
benzomidazole type stabilizers, such as 2-mercaptobenzomidazole; 
dithiocarbamate type stabilizers, such as nickel dibutyldithiocarbamate: and 
quinoline type stabilizers, such as polymer of 2.2.4-trimethyl-1.2-dihydroquinoline. 
30 These stabilizers may be used in combination of two or more Wnds. 

The aging inhibitor can be used in an amount of not more than 5 parts by weight, preferably not more than 3 parts 
by weight, based onlOO parts by weight of the ethylene-a-defin-nonoonjugated polyene random copolymer. 

Processing aM 

As the processing aids, those conventionally added to rubbers can be widely used. Examples thereof include various 
acids, such as ncinolic add. stearic acid, palmitic acid and lauric acid; salts of these higher fatty adds, such as barium 
stearate. zinc stearate and caldum stearate; and estens. 

The processing aid can be used In an amount of not more than 10 parts by weight, preferably not more than 5 parts 
by weight, based on lOO parts by weight of the ethylene-a-oiefln-nonoonjugated polyene random copolymer 

Vulcanizina agent 
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When the rubber composition of the invention is vulcanized by heating, compounds which constitute vulcanization 
45 system, such as a vulcanizing agent a vulcanization accelerator and a vulcanization aid. are generally added to the 
rubber composition. 

Examples of the vulcanizing agents employable herein indude sulfur, sulfur oon^Munds and organic peroxides. 
There is no specific limitation on the type of sulfur, and for example, powdery suKur. predpitated sulfur colloidal 
suHur. surface-treated sulfur and insoluble sulfur can be enployed. 
50 Examples of the sulfur compounds indude sulfur chloride, sulfur dichloride. high-molecular weight polysulfide mor- 
pholine disulfide, alkylphenol disuHide. tetramethytthiuram disulfide and selenium dimethyldithiocarbamate. 
Examples of the organic peroxides indude: 
alkyi peroxides, such as dicumyl peroxide, di-t-butyl peroxide. di-1-butylperoxy.3.3.5-trimethylcydohexane. t^xityl- 
cumyl peroxide, di-t-amyl peroxide. 2.5<iimethyl-2.Mi(t-butylperoxy)hexyne^3. 2.5Klimethy|.2.5-di(benzoy1perQxy)hex- 
55 ane. 2.5Klimethyl-2.5KJI(t-butylperQxy)hexane. a,a*-bis(t-butylperoxy-m-isopropyi)benzene and t-butyl hydroperoxide- 
peroxy esters, such as t-butyl peroxyacetate. t-butyl peroxyisobutyrate. t-butyl peroxypivalate. t-butytperoxymaleic 
acid, t-butyl peroxyneodecanoate. t-butyl peroxybenzoate, and di-t-butyl peroxyphthalate; and 
ketone peroxides, such as dicydohexanone peroxide. 
These vulcanizing agents may be used in combination of two or more kinds. 
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Of mese. preferred are organic peroxides having a temperature, at which the half-life period thereof corresponds to 
one minute, of I30.to 200 'C. for example, dcumyl peroxide, di-t-txjtyl peroxide, di-t-butylperaxy-3.3.5-trimethylcyclohex- 
ane, t-lxjtylcumyl peroxide, di-t-amyl peroxide and t-butyl hydroperoxide. 

When the vulcanizing agent is sulfur or the sulfur compound, rt Is used in an amount of 0.1 to 10 parts by weight. 
5 preferably 0.5 to 5 parts by weight, based on 1 00 parts by weight of the ethylene-a-olef in-noncorijugated polyene random 
copolymer. When the vulcanizing agent is organic peroxide. It is used in an amount of 0.0003 to 0.05 mol. preferably 
0.001 to 0.03 mol. based on 100 g of the ethylene-a-olefinnioncorijugated polyene random copolymer. 

Vulcanization acceieraftor 

10 

When sulfur or the sulfur conrpound is used as the vulcanizing agent a vulcanization accelerator is preferably used 
In combination. 

Examples of the vulcanization accelerators include: 
sulfenamide compounds, such as N-cyclohexyl-2-benzothiazole sulfenamide. N-oxydiethylene-2-benzothiazole 
15 sulfenamide and N.N-diisopropyl-2-benzothiazoie sulfenamide; 

thiazole compounds, such as2-mercaptobenzothiazole, 2-(2,4-dinitrophenyl)mercaptobenzothiazole. 2-(2.6-die- 
thyl-4-morpholinothio)benzothiazole. dibenzothiazyt disulfide and 2-(4'-morpholinodlthio)benzothiazole: 

guanidine compounds, such as diphenylguanidine. triphenylguanidine. diorthoniirileguanidine. orthonltrile bigua- 
nide and diphenylguanidine phthalate; 
20 aldehyde amines or aldehyde-ammonia compounds, such as acetaldehyde-aniline reaction product, butytatde- 

hyde-anSine condensate, hexamethylenetetramine and acetaldehyde amnwnia; 
Imidazoline compounds, such as 2-mercaptoimidazoline (ethylenethiourea); 

thiourea compounds, such as thiocarbanilide, diethylthiourea. dibutylthiourea. trimethylthlourea and diortho- 
tolylthiourea; 

25 thiuram compounds, such as tetramethylthiuram nx>nosulfide. tetramethylthluram disulfide, tetraethylthiuram 

disulfide, tetrabutylthiuram disulfide and pentamethylenethiuram tetrasulf ide; 

dithio acid salt compounds, such as zinc dimethyidithiocarbamate, zinc diethyldithiocart)amate. zinc di-n- 
butyldithiocart)amate. zinc ethylphenykJithiocabamate. zinc butylphenyldi1hiocaft)amate. sodium dimethyidithiocar- 
bamate. selenium dimethykfithiocartiamate and tellurium dimethyfdithiocart>anriate: 
30 xanthate conrpomds. such as zinc dibutylxanthate; and 

zinc white. 

The vulcanization accelerator is desirably used in an amount of 0.1 to 20 parts by weight, preferably 0.2 to 10 parts 
by weight, based on 100 parts by weight of the ethylene-a-olefin-nonconjugated polyene random copolymer. 

35 Vulcanization aid /polyfunetional monomer) 

When the organic peroxide is used as the vulcanizing agent, a vulcanization aid (polyfunctional monomer) is pref- 
erably used In combination in an anwunl of 0.5 to 2 mol based on 1 mol of the organic peroxide, preferably in the almost 
equimolar amount 
40 Examples of the vulcanization aids include: 
sulfur; 

quinonedioxime oompourxis. such as p-quinonedioxime; 

(meth)acrylate compounds, such as trimethylolpropane trlacryiate and polyethylene glycol dimethacrylate; 
allyl compounds, such as dialiyi phthalate and triallyl cyanurate; 
45 maleimide compounds, such as m-phenyiene bismaleimide; and 

divinylbenzene. 

Of the above-mentioned vulcanizing agents, sulfur or the sulfur compound, particularly sulfur, is preferably used in 
the invention because the properties of the rubber composition of the invention can be exhiknted. 

so Foaming agent 

When the njbber composition of the invention contair^ a compound which constitutes foaming system, such as a 
foaming agent or a foaming aid. the composition can be subjected to foam molding. 

As the foaming agents, those generally used In ttie foam moftfing of niabers can be widely used. Particular exarrples 
55 thereof include inaganic foaming agents, such as sodium bicartwnate. sodium carbonate, ammonium bicartx)nate. 
ammonium cartxmate and ammonium nitrite; nitroso compounds, such as N.N'-dimethyl-N.N -dinitrosoterephthalamide 
and N.N'-dinitrosopentamethylenetetramine: azo compounds, such as azodicartx>namide. azobisisobutyronitrile. azo- 
cydohexylnitrile. azodiaminobenzene and barium azodicartxjxylate: suttonylhydrazide conrpounds. such as benzenesul- 
fonylhydrazide. tolueneaiHonylhydrazide. p.p*-oxybis(benzenesulfoiiylhydrazide) and diphenylsulfone-3.3'- 
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disuffonylhydcazide; and azkJe compounds, such as calcium azide. 4.4-(fiphenyldi8uHonyl aztde and p-toluenesutfonyl 
azkie. 

Of these, preferred are nitroso compounds, azo compounds and azide compounds. 

The foaming agent can be used in an anfx>unt of 0.5 to 30 parts by weight, preferably 1 to 20 parts by weight, based 
5 on 1 00 parts by weight of the ethyiene-a-olef in-nonconjugated polyene random copolymer. From the rubber composition 
containing the foaming agent in the above amount, foamed products having an apparent specific gravity of 0.03 to 0.8 
g/cm^ can be obtained. 

A foaming aid can be used in combination with the foaming agent When the foaming aid Is used in combination, 
various effects such as lowering of decomposition temperature of the foaming agent, acceleration of deconposition 
10 thereof and uniformity of the resulting foam can be exerted. Examples of the foaming aids include organic acids, such 
as salicylic acid, phthalic acid, stearic acid and oxalic acid, urea and its dehvatlves. 

The foaming aid can be used in an amount of 0.01 to 10 parts by weight preferably 0. 1 to 5 parts by weight, based 
on 100 parts by weight of the ethylene-a-olefin-nonoonjugated polyene random copolymer. 

15 Othgrrvttwr 

The rubber composition of the invention may be used by blending with other rubbers within limits no prejudicial to 
the objects of the invention. 

Examples of such ruksbers include natural rubbers (NR); isoprene type rubbers, such as isoprene rubber (IR); and 
20 conjugateddiene type rubbers, such as butadiene rubber (BR), styrene-butadiene rubber (SBR), acrytonitrile4)utadiene 
rubber (NBR) and.chloroprene rubber (CR). 

Also employable are conventionally known ethylene-a-olefin copolymers, for example, ethylene-propylene random 
copolymer (EPR) and e1tiyiene-a-olef in-nonconjugated polyene random copolymer except the aforementioned ethyiene- 
a^efin-nonconjugated polyene random copolymer such as EPDM. 
25 The vulcanizable rubber composition of the invention can be prepared from the ethylene-a-olefin-nonoonjugated 
polyene random copolymer and the abovennentioned other conponents by conventional processes for preparing rubber 
fcslends. For example, the ethylene*a-olefin-nonconjugated polyene random copolymer and other components are 
kneaded at 80 to 1 70 ''C fa 3 to 1 0 minutes using internal mixers such as Banbury mixer, kneader and intenmixer. then 
the vuk^anizing agent and the vulcanization accelerator or the vi^canisation aid are added rf necessary, and the resulting 
30 mixture is kneaded using rolls (e.g.. open rolls) or a kneader at a roll temperature of 40 to 80 ""C for 5 to 30 minutes, 
followed by rolling. Thus, a rubber composition (mbber blend) in the form of usually ribbon or sheet can be obtained. If 
the temperature in the kneading process using the internal mixer is k)w. the vulcanizing agent, the vulcantzatk)n accel- 
erata and the foaming agent may be simultaneously kneaded. 

35 Vulcanizwl rubber 

A yutcanizate (vulcanized rubber) of the rubber composition of the invention can be obtained by a process generally 
comprising preforming the unvulcanized rubber corrposition into a desired shape using various means such as an extru- 
sion molding machine, a calender roll, a press, an injection nrv>lding machine and a transfer molding machine, and 
40 simultaneously or thereafter heating the resulting pretomn in a vulcanizing bath or irradiating it with electron rays so as 
to perform vulcanization. 

When the rubber composition is vulcanized by heating, the rutsber composition is preferably heated at a temperature 
of 150 to 270 tor 1 to 30 minutes using a heating bath of hot air. glass bead fluidized bed, UHF (ultrahigh frequency 
electromagnetic wave), steam or LCM (molten salt bath). 
45 Among such copolynier rutsber compositions of the invention as mentioned above, a copolymer rubber conposition 
containing organic peroxide as a vulcanizing agent is preferat)ly used as a hot-air crosslinking copolymer rut)ber com- 
position. 

The hot-air crosslinking copolymer rubber composition which contains the ethylene-a-olefin-nonoonjugated polyene 
random copolymer and the organic peroxide of specific amount based on the amount of the random copolymer can be 
so suff identiy crosslmked by hot air. whereby a crosslinked product having low surface tackiness and containing no extraor- 
dinary foam inside can be obtained. Fudher, from the hot-air crosslinking copolymer rubber composition, a hot-air 
crosslinked product also excellent in resistance to setting (permanent compression set) and heat aging resistance (heat 
resistance) can be obtained. 

The hot-air crosslinking rubber corrposition contains the organic peroxide in the above-mentioned amount based 
55 on the anrxxint of the ethylene-a-olefin-nonconjugated polyene random copolymer. This conposition may contain ottier 
components in addition to the organic peroxide, and the composition preferably contains a vulcanization aid (polyfunc- 
tional monomer). 

The vulcanizate (vulcanized rubber) of the hot-air crosslinking rubber composition can be generally obtained by a 
process comprising preforming the unvulcanized rubber blend described above by various methods such as methods 
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of using extru^on molding machine or calendar roll to give a prefenn of desired shape and simultaneousl/ heating the 
preform or thereafter introducing the preform into a vulcanizing t)ath and heating it therein. 

For heating the preformed vulcanized rutjber blend in the vulcanizing bath, a method of i«ing hot air. glass bead 
f luidized bed. UHF (litrahigh frequency electromagnetic wave), steam or LCM (moHen salt bath) can be enployed and 
5 the heating is preferably earned out at 120 to 270 ^'C for 1 to 30 minutes. 

In the prefomriing and vulcanizatioa a mold may be used or may not be used. If a mold is not used, prefaning and 
vulcanization of the rubber oonposition are generally canied out continuously 

When the rubber composition is vulcanized by irradiation with electron rays without using a vulcanizing agent, the 
preformed rubber composition is irradiated with electron rays having energy of 0.1 to 10 MeV. preferably 0.3 to 2 MeV 
10 at an absorbed dose of 0.5 to 35 Mrad. preferably 0.5 to 10 Mrad. 

In the preforming and vulcanization, a mold may be used orniay not be used. If a mold is not used, preforntng and 
vulcanization of the rubber composition are generally canied out continuously. 

The rubber composition prefamed and vulcanized as above (vulcanized rubber) can be used for automotive indus- 
trial parts such as weatherstrp. door glass run channel, window frame, radiator hose, brake parts and wiper blade- 
is industrial rubber products such as rubber roH, belt, packing and hose; electrical insulating materials such as anode cap* 
and grommet: avil engineering and building materials such as buiWing gasket and dvil engineering sheet; and rubberized 
fabrics. 

The vulcanized foamed product obtained by foaming the rubber blend containing the foaming agent under heating 
can be used for heat insulating materials, cushioning materials, sealing materials, ete. 

so 

EFFECT OF THE INIVEKITIQN 



The ethylene-a-olef in-nonconjugated polyene random copolymer aocorcfing to the invention is excellent in process- 
ability and mechanical properties such as vulcantzatfon strength as well as in weathering resistance and ozone resist- 
2S ance. 

By the process for preparing an ethyl ene-a-olef in-nonconjugated polyene random copolymer according to the inven- 
tipn. an ethylene-a-olef in-nonconjugated polyene random copolymer excellent in processability and mechanical prop- 
erties such as vulcanization strength, which was unobtainable by the conventional processes, can be prepared 
Additionally, the process for preparing an ethylene-a-olef in-nonconjugated polyene ranlom copolymer according to the 

30 invention is excellent in polymerization activity at high temperatures, and hence an ethylene-a-oiefln-noncoriiugated 
polyene random copolymer can be efficiently prepared. 

The vulcanizable rubber conrposition of the invention which contains the above-mentioned specific ethylene-a-olef in- 
nonconjugated polyene random copolymer is excellent in mechanical strength, weathering resistance and ozone resist- 
arKe as well as in processat>ility. 

35 From the rubber composition of the invention, vulcanized rubber molded products or vulcanized rubber foamed 
products excellent particulariy In those properties can be produced. 

EXAMPLE 

^ The present invention will be further described with reference to the following exanrples. but it shouM be construed 
that the invention is in no way limited to those exanples. 

In the examples, the following metallocene compounds were used. 
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rac-Dimethylsilytene-bis{1 -(2-methyi-4-phenytindenyl))ziroonium dichloride 




Pre^ntact of ziroonium compound with methvlaluminoxane and preparation of catalyst sdutiQn 

so The zirconium compound A of a predetermined amount and a toluene solution of methylatuminoxane (1.2 
mg • atom/imi in X&rrrs of aluminum atom) were mixed by stirring at room temperature for 30 minutes in a dark place to 
prepare a toluene solution containing the zirconium compound A and methytaluminoxane. The Zr concentration in the 
toluene solution was 0.002 mmol/ml. and the methylaluminoxane concentration in the solution was 1 .2 mg • atom/hil in 
terms of aluminum atom 

55 To the toluene solution was then added hexane in an arTx>unt of five times in volume as nrtjch as the toluene with 
stirring to prepare a catalyst solution having the following Zr concentration and methylaluminosane concentration. The 
catalyst solution was used as a catalyst for tiie subsequent polymerization reaction. 
Zr oonoentration: 0.00033 mmoi/iml (i.e.. 0.33 mmol/l) 

Methyialuminaxane concentration (in terms of Al atom): 0.20 mmol/lml (i.e.. 200 mmol/i) 
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Polvmerization 

anH ^Vo^^^T ^eacto' equipped with a stirrer, copolymeriiation of ethylene, propylene 

and 7-methyl-1 .6-octadiene was contnuously carried out in the following manner 

hc^^T'J°. S^rJf continuously fed. through the top of the reactor, dehydrated and purified 

^ L^?^ L"^';** "^'^ "^""^ ^ methylaluminoxane obtained 

Sh^tfl K . L^" l^f^® ^'"^^ °* triisobutylaluminum (concentration: 1 7 mmol/l) at a feed rale of 0 3 

IJr and a hexane solution rf 7-rnethylo .e^diene (at*remted to "MOD-^ (a^^^ 

TJ^ T ^ copolymerization reaction was carried out at 60 'C in such a manner that thfa^age 

residence time became one hour (i.e., scale of polymerization: 5 liters). 

Then, to the polymerization solution drawn out through the bottom of the reactor was added a small amount of 
^^^^ ^ to temiinate the polymerization reactioa The polymerization solution was subjected to a steam stripping 

reduced pressure (100 mmHg). 

hour^"^' an ethylene^ropylene-7.methy|.1.6K^ random copolymer was obtained in an amount of 330 g per 

i^Si ^mS^SS^ ^ ^ (g-iodine/lOO g-polymer). and the intrinsic viscosity (n) as measured in 

decalni at 135 was 2.6 dl/g. The glass transition temperature of the copolymer was ^1 and the gn- and g' values 
thereof were 0.63 and 0.70. respectively. . « « i •« &n ana g vaiues 

t.. J^k'^^^'^Z";!^ ^' ^^^"^ ^^^^^ ^ ^PC' ^ ^^-^ and GMH-HTL (both manufac- 

tured by Toso K.K) were used columns, wiuwv 

25 The results are set forth in Table 1. 
. Examplesg-7 
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The results are set forth in Table 1. 
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. Comparative Example 1 

In a 2-liter polymerization reactor equipped with a stin-er. copolymerization of ethylene, propylene and ethylldenenor- 
bornene (ENB) was cx)ntinuously carried out in the following manner. 
5 To the polymerization reactor were continuously fed. through the top of the reactor, a hexane solution of ENB (con- 
centration: 36 g/l) at a feed rate of 0.5 l/hr. a hexane solution of VO(OC2H5)Cl2 (concentration: 8 mmol/l) as a catalyst 
at a feed rate of 0.5 l/hr, a hexane solution of etfiyialunfiinum sesquichloride (AKCsHs)! sCI, d (concentration: 64 mmoW) 
at a feed rate of 0.5 l/hr and hexane at a feed rate of 0.5 lAir. while the polymerization solution was continuously drawn 
out through the kx>ttom of the reactor so that the amount of the polymerization solution in the reactor was kept to be 1 liter. 
10 Further, to the reactor were fed ethylene at a feed rate of 1 30 l/hr. propylene at a feed rate of 1 70 l/hr and hydrogen 
at a feed rate of 401/hr using a bubble tube. 

The copolymerization reaction was earned out by circulating a cooling medium through a jacket provided outside 
of the reactor, with maintaining the temperature at 20 ""C. 

The copolymerization reaction was carried out under the reaction conditions as described above to obtain a polym- 
15 erization 8otutx>n containing an ethylene-propylene ethylidenenorbornene copolymer. 

Then, the polymerization solution obtained was deashed using hydrochtoric add, and a large amount of methanol 
was added to precipitate a polymer, followed by vacuum drying at 100 ''C for 24 hours. 

Thus, an ethylene-propylene-ethylidenenortx>rnene copolymer (rubber) was obtained in an amount of 53 g per hour. 

In the copolymer obtained, the molar ratio of units derived from ethylene to units derived from propylene was 72/28 
20 (ethylene/propylene), the iodine value was 21 (g-iodine/100 g-polymer). and the intrinsic viscosity (q) as measured in 
decalin at 135 "^C was 2. 1 dl/g. The gt\* and g* values of the copolymer were 0.98 and 0.99. respectively 

It was confirmed that when the vanadium catalyst was used as above, the gii* and g' values became near to 1 . so 
that no long-chain branch was formed. The results are set forth in Table 2. 

25 Exanrple 8 

Polymerization 

In a 15-liter stainless steel polymerization reactor equipped with a stirrer, copolymerization of ethylene, propylene 
30 and 5-ethyliden&-2-norbornene (also referred to ^'ENB") was continuously canied out in the following manner. 

First to the polymerization reactor were continuously fed. through the top of the reactor, dehydrated and purified 
hexane at a feed rate of 3. 1 7 l/hr, the mixed solution of the zirconium compound A and methylaiuminoxane obtained in 
Example 1 at a feed rate of 0.03 l/hr. a hexane solution of triisobutylaluminum (concentration: 17 mmol/l) at a feed rate 
of 0.3 l/hr and a hexane solution of ENB (concentration: 0.015 mmol/l) at a feed rate of 1 .5 l/hr. 
35 Further, to the reactor were continuously fed. through the top thereof, ethylene at a feed rate of 200 l/hr and propylene 
at a fe^ rate of 200 l/hr. The copolymerization reaction was carried out at 60 ''C in such a manner that the average 
residence time became one hour (i.e.. scale of polymerization: 5 liters). 

Then, to the polymerization solution drawn out through the bottom of the reactor was added a small amount of 
methanol so as to terminate the polymerlzatton reaction. The polymerization solution was subjected to a steam stripping 
40 treatment to separate a copolymer from the solvent, and the copolymer was dried at 100 ^'C for 24 hours under reduced 
pressure (100 mmHg). 

Thus, an ethylene-propylene-ENB random copolymer was otstained in an amount of 70 g per hour. 
In the copolymer obtained, the molar ratio of units derived from ethylene to units derived from propylene was 70/30 
(ethylene^ropylene). the iodine value was 22 (g-iodine/100 g-polymer). and the intrinsic viscosity (iO as measured in 
45 decalin at 135 ""C was 2.3 dl/g. The gr\* and g* values of the copolymer were 0.65 and 0.70. respeclivety 
The results are set forth in Table 2. 

Examples 9 -11 

so An ethylene-a-olef in-polyene random copolymer was obtained in the same manner as in Example 8 except that the 
copolymerization reaction was carried out urxler the polymerization conditions shown in Table 2 in place of the conditions 
of Exanple 8. 
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Theresults are set forth in Table 2. 



Table 2 





Py fi 

CjL O 


cx. y 


Ex. 10 


Ex. 11 


Conp. Ex. 1 


aOlefin 


Propylene 


Propylene 


1-Biitene 


l-Butene 




Oiene 


ENB 


ENB 


ENB 


ENB 


ENB 


Ethylene/ a-Olefin (molar ratio) 


70/30 


63/37 


78/22 


72/28 


72/28 


locfine value 


22 


25 


21 


22 


21 


(n)(di/g) 


2.3 


2.7 


2.9 


2.5 


2.1 


on* 


0.65 


0.57 


0.68 


0.62 


0.98 




0.70 


0.61 


0.72 


0.67 


0.99 


ENB: 5-Ethy|jdene-2-noft)ornene 
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The evaluation test niethods of the ethylene-a-olefin-nonconjugated polyene random copolymer conpoeition and 
the vulcanized rubber in the following examples are descrbed below. 

(1 ) Properties of unvulcanized ndsber 

The properties of the unvulcanized rubber were measured in accordance with JIS-K-6300. 

(2) Tensile test 

30 From the upper part of the vulcanized tubular sponge rubber, a specimen was punched in the longitudinal direction 
of the sponge rubber by means of a dumbbell of No. 3 desaibed in JIS-K^OI (1 989). The specimen was sii^jected to 
a tensile test in accordance with J IS-K-6301 . Section 3. under the conditions of a measuring terrperature of 25 and 
a tensile rate of 500 mm/min to measure tensile stress at break Tg and elongation at break Eg. 

35 (3) Measurement of specific gravity 

From the upper part of the vulcanized tubular ^nge rubber, a specimen of 20 mm x 20 mm was punched, and 
the surface of the specimen was wiped with alcohol to remove stain. The specimen was fixed to an automatic specific 
gravity r^rometer (M-1 type, manufactured by Toyo Seiki Seisakusho) in an atmosphere of 25 ''C. and the specific 
gravity of the specimen was measured from a difference between the mass in air and the mass In pure water. 

(4) Permanent compressbn set test 

The vulcanized tubular sponge rubber was cut to give a specimen of 30 mm. and the specimen was fixed to a 
permanent compresaon set measuring mold. The specimen was compressed so that the height of the specimen became 
1/2 of the height before application of a \oad. Then, the specimen with the moW was heat-treated in an oven at 70 
for 200 hours. After the specimen was allowed to stand for cooling for 30 minutes, the height of the specimen was 
measured, and the permanent compression set of the specimen was calculated from the foibwing equation. 
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Permanent compression set (%) = -^—1 x lOO 

to -t2 

Height of spedmen before test 

Height of specimen after heat treatment and cooling for 30 minutes 
Height of specimen in the state where specimen is fixed to measuring mold 



(5) Measurement of shape retention 

The vulcanized tubular sponge nijber was measured on its sectional height and sectional width, and a ratio of the 
height to the width was taken as a shape retention ratio. 
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Shape retention ratio (%) = g X 100 

L: Height of tubular sponge rubber 
D: Width of tubular sponge rubber 

(6) Measurement of suiface roughness 

The surface roughness of the sponge rubber was evaluated by expressing the protrusions and depressions on the 
upper surface of the sponge rubber by numerate using a feeler type surface roughness measuring device. In detail, the 
tubular sponge rubber was cut to give a specimen having a length of 50 mm. From the total (h^ of the heights of ten 
protrusions of from the highest protrusion to the tenth protrusion from the highest one, the total (h2) of the heights of ten 
depressions of from the deepest depression to the tenth depression from the deepest one was subtracted. The obtained 
value (h^ • h2) was divided by 10, and the value finally obtained was taken as the surface roughness of the sponge rubber. 

Example 12 

The ethyiene-a-oMin-nonconjugated polyene random copolymer prepared in Example 8 and other components 
were blerxJed in the amounts shewn in Table 3 to prepare a rubber blend (rubber composition). 

That is. the ethyfene-a-oiefin-nonconjugated polyene random copolymer, paraffinic oil, cartxxi black, stearic add, 
dimethykiistearylammonium chloride and activated zinc white were kneaded in a 1.7-liter Banbury mixer (manufactured 
by Kobe Seikosho KK.) for 10 minutes. To the kneadate were further added a vulcanizing agent and other additives, 
and they were kneaded in a U-inch open roll (F/B = 50/50 ""C) to obtain a rubber blend. 

The rubber blend was then extruded using a 50 mm extmder equipped with a tubular die (inner diameter: 1 0 mm. 
thkikness: 1 mm) under the condtions of a die temperature of 80 •C and a cylinder temperature of 60 •C. to produce a 
tubular molded product The mokJed product was vulcanized at 220 ''C for 6 minutes in an air oven to obtain a sponge 
rubber. The results are set forth in Table 4. 

A rubber blend (rubber composition) was prepared in the same manner as in Example 12 except that the ethylene- 
aK>lerin-nonconjugated polyene random copolymer was replaced with the ethyiene-a-olef in-noncor^ugated polyene ran- 
dom copolymer prepared in each of Examples 9 to 1 1. Using the rubber blend, a sponge rubber was obtained in the 
same manner as in Example 12. The results are set forth in Table 4. 

Comparative Example 2 

A njbber blend (rubber composition) was prepared in the same manner as in Example 12 except that the ethylene- 
a-defin-nonconjugated polyene random copolymer was replaced with the ethylene-a-olefin-polyene copolymer pre- 
pared in Conparative Examples 1 . Using the rubber blend, a sponge rubber was obtained in the same manner as in 
Example 12. The results are set forth in Table 4. 
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Tables 



5 




Coniponent 


Part(s) by weight 






bthyiene-a-oierin-polyene random copolymer 


100 




QUiiening agent 


Parafflnic oil (Sunflex 2280 of Nippon Sun Petroleum K.K.) 


70 




If lUf iicinic iHier 


SRF-HS cartxjn black (Asahi 50HG of Asahi Cart)on K.K.) 


90 


10 




Caidum oxide 


5 




Processing aid vulcanizing agent 


Stearic acid 


2 






Dimethyldistearylammonium chloride 


2 


15 




Sulfur 


I.O 




vulcanization accelerator 


Activated zinc white 


5 






2-Mercaptobenzothiazole 


0.8 






2-(4'-Morpholinodithio)benzothiazole 


1.2 


SO 




Zinc ditXityidithiocart)amate 


2 






Ethylene thiourea 


1 




Foaming agent j 


pp'*Oxybis(benzenesulfony) hydrazide) 


3.5 
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Ex 12 


Ex. 13 


Ex. 14 


Ex 15 


Ck)mp. Ex. 2 


TB(kg/cm2) 


23 


25 


26 


22 


21 


Eb(%) 


250 


270 


260 


280 


240 


Specific gravity (g/cm^) 


0.48 


0.52 


0.54 


049 


0.44 


Penmnent compression set (%) 


32 


30 


33 


29 


34 


Shape retention (%) 


83 


85 


86 


81 


63 


Surface roughness 


9 


7 


8 


9 
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ISl^f*^"'''^^^ ^''^^ « « ^polymer of (a) ethylene (b) 

Z^^l ^^ cartx,n atoms and (c) a nonconjugated polyene ««rtaininfl.^rnK,leculi «4 ^1 
to^^l^ub^ ^ , ^etaltooene catalyst among ca*on-to.»rtx,n doU,le bond. 

W Mid contains (a) units derived from ethylene and (b) units derived from the a-olefin of 3 or more 

carbon atoms in a molar ratio of 40/60 to 95/5 ((a)/(b)). 
(ii) the iodine value is in the range of 1 to 50. 

m the inlrinsic viscosity (tj). as measured in decalin at 1 35 -C. is inihe range of O.l to 8 O dl/g and 
Srifn^r^ '"J^ "^^^ ^''^ °* ^ copolymer defined above to the intrinsic viscosity (nW 

contentof70%bymol.(ii)/(T0biark.isrntherangeof0.2to0.9. ""vene 
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.2. .An ethylene-a-olefin-nonconjugated polyene random copolymer which is a random copolymer of (a) ethylene, (b) 
an <x-olefihof 3 or more carbon atoms and (c) a nonconjugated polyene containing, In one molecule, one carbon- 
tOKarbon double bond polymerizable by a metallocene catalyst among carbon-to^rbon double bonds, and has 
the following properties: 

0) said copolymer contains units derived from ethylene (a) and units derived from the a-olef in of 3 or more 
carbon atoms (b) in a molar ratio of 40/60 to 95/5 [(a)/(b)], 

(ii) the iodine value is in the range of 1 to 50. 

(iii) the intrinsic viscosity (ii). as measured in decalin at 135 ^C. is in the range of 0.1 to 8.0 dl/g, and 

fiv) the ratio g* of the infrinsic viscosity (n) of said random copolymer defined above to the intrinsic viscosity 
(nWnk* calculated as a linear ethylene-propylene copolymer having an ethylene content of 70 % by mol virtiich 
is determined by measurement of gel permeation chromatography (GPC) of ethylene-a-olefin-nonconjugated 
polyene random copolymer in orthodichiorobenzen at 140 'C, (nWiiWrtc. is in the range of 0.2 to 0.9. 

3. A process for preparing an ethylene-a-olefin-nonconjugated polyene random copolymer, in which the ethylene-a- 
olef in-nonconjugated polyene random copolymer as claimed in claim 1 or 2 is prepared using a metallocene catalyst 
containing a metallocene compound represented by the following tomujia (I): 



wherein M is a transition metal of Group IVB of the periodic table, 
is a hydrocarbon group of 1 to 6 carbon atoms. 
R^. R^, R^ and R® may be the same as or different from each other, and are each hydrogen, a halogen atom 
. or a hydrocartx)n group of 1 to 6 carbon atoms. 

R^ is an aryl group of 6 to 16 carbon atoms which may be substituted with a halogen atom, a hydrocarbon 
group of 1 to 20 cartx>n atoms or an organosilyl group. 

and may be the same as or different from each other, and are each hydrogen, a halogen atom, a 
hydrocarbon group of l to 20 carbon atoms, a halogenated hydrocarbon group of l to 20 carbon atoms, an oxygen- 
containing group or a sulfur-comaining group, and 

Y »s a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 
to 20 carbon atorrc. a divalent silicon-containing group, a divalent germanium-containing groip. a divalent tin-con- 
taining group. -0-, -CO-, -S-. -SO-. -SOg-. -NR^-, -PCR^)-, -P(0)(R7)-. -BR^- a -AIR^ (R^ is hydrogen, a halogen 
atom, a hydrocarbon group of 1 to 20 carbon atoms a a halogenated hydrocartxin group of 1 to 20 carbon atoms) . 

. A vulcanizable wbber composition containing the ethyiene-o-defin-nonconjugated polyene random copolymer as 
claimed indaiml or 2. 

. The vulcanizable niaber composition as claimed in claim 4. containing a reinforcing agent and/or an inorganic filler 
in an amount of 1 0 to 200 parts by weight based on 1 00 parts by weight of the ethylene-a^ef in-nonconjugated 
polyene random copolymer. 

. The vulcanizable titJber composition as claimed in claim 4, containing a softening agent in an amount of 10 to 200 
parts by weight based on 100 parts by weight of the ethylene-a-olefin-nonconjugated polyene random copolymer. 

. A vulcanized nAber obtained from the vulcanizable rubber composition as claimed in any one of daims 4 to 6. 
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(54) Ethylene copolymer rubber composition and process for its preparation 



(57) Disclosed is an ethylene-a*olefin-nonoonju* 
gated polyene random copolymer which is a random 
copolymer of (a) ethylene. (2) an a-olefin of 3 or more 
carbon atoms and (c) a nonoonjugated polyene contairv 
ing, in one nfx>l6cule. one cartxxi-to^cartxxi double bond 
polymerlzable by a metallocene catalyst among cartxKv 
to-cartMn double bonds, and has such properties that (i) 
the copolymer contains (a) units derived from ethylene 
and (b) units derived from the a-olef in of 3 or more car- 
bon atoms in a molar ratio of 40/60 to 95/5 ((a)/(b)). (ii) 
the iodine value ts in the range of 1 to 50, Gii) the intrin- 
sic viscosity (Ti), as measured in decalin at 135 ^'C, is in 
the range of 0.1 to 8.0 dl/g. and (iv) the ratio gri' of the 
intrinsic viscosity (t^) of the copolymer defined above to 
the intrinsic viscosity (Ti}biar* of a linear ethylene-propyl- 
ene copolymer having the same weight-average molec- 
ular weight (measi^ed by light scattering method) as 
the ethylene-a-olefin-nonconjugated polyene random 
copolymer and having an ethylene content of 70 % by 
(^)/(n)biank* ^ range of 0.2 to 0.9 or the ratio 
g* of the intrinsic viscosity (t\) of said random copolymer 
defined above to the intrinsic viscosity (Tt)biari(' off a lin- 
ear ethylene-propylene copolymer having and ethylene 
content of 70 % by mol which is determined by meas- 
urement of gel permeation chromatography (GPC) of 



ettiylene-a-olefin-nonconjugated polyene random 
copolymer in orthodichlwobenzene at 140 *C, 
(il)/(n)biafi('' is in the reange of 0.2 to 0.9. Also disclosed 
are a process for preparing the random copolymer arxj 
a vulcanizable rubber composition containing the ran- 
dom copolymer. The ethylene-a-olefin-nonoonjugated 
polyene random copolymer and the rubber oonrposition 
are excellent in weathering resistance, ozone resist- 
ance, mechanical strength and processabilrty. 
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